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 ABSTRACT 
CONCEPTUAL CHANGE IN PRE-SERVICE SCIENCE TEACHERS’ VIEWS ON 
NATURE OF SCIENCE WHEN LEARNING A UNIT ON THE PHYSICS OF WAVES 
by  
Ehsan H. Kattoula 
 
Recent reform efforts in science education have culminated in National Science 
Education Standards (NSES), which include the nature of science and science inquiry 
themes across all grade levels.  Consideration must be given to pre-service science 
teachers’ nature of science conceptions and their perceived roles in implementing the 
nature of science in the science classroom.  This qualitative study investigates how      
pre-service science teachers’ views about the nature of science develop and change when 
learning a college physics unit on waves in an urban university. 
The study uses case study methodology with four pre-service science teachers as 
individual units of analysis.  Data regarding the participants’ views about the nature of 
science were collected before and after the instruction on the physics of waves unit.  The 
research design used ‘The Views of Nature of Science/Views of Scientific Inquiry-
Physics Questionnaire’ followed by structured interviews throughout the wave unit.  In 
addition, the participants responded to daily questions that incorporated nature of science 
themes and constructed concept maps regarding the physics content and their nature of 
science understanding. 
After completing the VNOS/VOSI-PHYS questionnaire the pre-service science 
teachers’ views of the nature of science were found to be mainly naïve and transitional 
 before the instruction.  At the end of the wave unit instruction, the data indicated that 
conceptual change occurred in participants’ nature of science views, shifting toward 
informed views.  The findings of this study provide evidence that using explicit 
instruction with specific activities, such as experiments and concept mapping, shifted the 
pre-service science teachers’ views away from naïve and toward informed.  
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CHAPTER 1 
STATEMENT OF THE PROBLEM 
 
“Great scientific discoveries have been 
made by men seeking to verify quite 
erroneous theories about the nature of 
things.”   
Aldous Huxley 
 
Introduction 
One of the goals of science education is to educate students in the natural sciences 
(American Association for the Advancement of Science, 1993; National Committee on 
Science Education Standards and Assessment, National Research, 1996; National Science 
Teachers Association, 2000). Over the past sixty years science educators have been 
participating in educational reforms to analyze and improve students’ views about the 
nature of science and how students begin to make sense of the world of science around 
them (Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002).  To help students understand 
what makes up science, educators need to be willing to explore the realm of how students 
view and interpret the world of nature around them.  There has been a variety of 
interpretations about the nature of science by historians, science educators and 
politicians.  One thing they agree on is that the nature of science (NOS) is authentic and 
should be incorporated into the science curriculum (Lederman & Niess, 1997). Students 
should be able to understand how scientists form their ideas, how they experiment on 
abstract topics and form conclusions (Lederman & Niess, 1997).   
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Since the view of NOS is the way scientists look at nature, a complete under-
standing of the concepts in NOS will help students become fluent in science concepts 
around them.  Lederman defines the nature of science as the “epistemology of science, 
science as a way of knowing, or the values and beliefs of scientific knowledge and its 
development” (1992, p.331).  However, many present science educators believe that the 
understanding of NOS in general is a struggle for many students.   
In order to understand some of the challenges associated with teaching the nature 
of science appropriately, the science teacher must have a thorough understanding of NOS 
theory as well as a thorough understanding of science.  Also, a student will not be able to 
understand science if taught by someone who also does not understand it.  According to 
the National Research Council (1996), a national organization for the development of 
national science education standards, in order to understand science an educator must 
incorporate the nature of science in teaching science appropriately. Science is simply 
methodological search for information about the natural world (Lederman & Niess, 
1997).  The information must be testable and independently verifiable.  If a topic of 
proposed study is deemed infallible or outside the realm of nature, it lies outside the 
scope of science.  Some of the common features of science are systematic observation, 
hypothesis formation, experimentation, and analysis.  In science, a theory is a testable 
explanation of a broad range of related phenomena (Lederman & Niess, 1997).   
Contemporary science teachers, and many of their students, have difficulty 
making connection between science concepts and NOS (American Association for the 
Advancement of Science, 1993, 2000; National Research Council, 1996, 2000).  Science 
educators debate how best to get students interested, involved, and informed in science so 
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that inquiry activities that are aligned with the benchmark recommendation by American 
Association for the Advancement of Science (1993, 2000) and the national Research 
Council (1996, 2000) can be performed in the classroom.  Through inquiry activities, 
with appropriate reflection and discussion, students can become more successful in 
understanding NOS, and which in turn will help them become more scientifically literate. 
In this study, I investigated how pre-service science teachers’ views of scientific 
inquiry and the nature of science were influenced when learning a unit in physics about 
waves in a college course.  This study focused on how students overcome their innate 
difficulties in separating their different views regarding NOS.  Grasping what the nature 
of science entails is the driving force behind science literacy and scientific attitude that 
cannot be overemphasized.  Scientific and technological information is increasing at 
geometrical proportion; hence, the general public will need to acquire scientific skills in 
order to be gainfully employed in the expanding field of science teaching and also be able 
to adapt to the scientific and technological culture.     
Purpose of the Study 
Presently in the United States many k-12 curricula do not include the nature of 
science, so teachers either ignore NOS or give minimal attention to it in their classes 
(Lederman et al., 2002).  With new discoveries in science every day, there comes an 
increase in science content information, so many of the science teachers feel the pressure 
of covering large amount of subject matter with disregard to teaching NOS in the 
classroom.  As the science content material increases, teacher-centered lecture-based 
formats dominate instead of having students discover science where the students 
themselves become the scientists who explore the tentativeness of science ideas 
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(Lederman, 1992).  As a result, science classrooms become dull, boring, and eventually 
students developing little understanding about the nature of science.  
One of the main issues in this research is how new science teachers learned the 
nature of science in a conceptual physics class.  Therefore, the purpose of this research 
was to explore pre-service science teachers’ views about the nature of science, their 
conceptual change and how they arrived at these changes regarding the nature of science 
views when learning a unit on waves in physics.  
In a typical physics class students are asked to read the chapter, do the problems, 
perform activities involving taking measurements, and analyze the data to make a 
conclusion.  Teaching analysis of problem and understanding the content are top 
priorities of college physics professors and high school physics teachers.  Many of these 
educators become frustrated at the students’ lack of ability and understanding in many 
areas of physics and the relationship physics has to their views about the nature of 
science.  These educators feel that way because students tend to possess a fragmented 
knowledge of physics consisting of facts and formulas (diSessa, 1993).  
Science Education Reform  
Studies about science and mathematics have commonly focused on helping 
students become more informed in society.  Increasing students’ science literacy has 
become a goal for science educators, parents, and society in general.  Being literate in 
science is not only knowing the facts but also thinking independently about science, 
applying it to everyday scenarios, and discussing it correctly in public debates.  To make 
students more scientifically literate, teachers need to be able to understand the nature of 
science and be able to incorporate it into their science curriculum according to National 
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Research Council (NRC) recommendations (1996).  Therefore during university teacher 
training courses, instructors should have a chance to address the issues of science literacy 
and the nature of science either by traditional or inquiry based learning (NRC, 1996).   
A more informed understanding of NOS has been a goal of science educators and 
science students’ for over a century (DeBoer, 1991).  Science educators seem to place 
much stock in inquiry activities to improve students understanding of science (DeBoer, 
1991). Many students develop a naïve view of what science entails and establish 
misconceptions that will need to be changed for the students to clearly understand NOS, 
and the premise of this study will focus on students’ views about their conceptual change 
regarding NOS.  The students’ comprehension of the nature of science depends not only 
on learning the science content but also the epistemology of science (Lederman & Niess, 
1997).     
One goal of NRC asserts that teachers should become lifelong learners who 
inspire students to become lifelong learners as well (1996).  Understanding nature of 
science allows for lifelong learners to continue exploring knowledge in all facets of 
human life.  The disposition to become lifelong learners could eventually lead to a 
scientifically literate society (National Academy of Sciences, 1998).  The idea of a 
scientifically literate society seems to be prominent in the thinking of business leaders 
and policy makers who see a relationship between productivity and skilled technical 
workers.    
An influential curriculum documented, Project 2061, has produced two 
documents of science reform Benchmarks of Scientific Literacy and Science for All 
Americans.  Benchmarks advocates that the common core of learning should be scientific 
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literacy and that reform in science education must deal with all components of the 
educational system, including curriculum, teacher education, instruction, assessment, 
material, technology, and policy.  Benchmarks was intended to be a tool for designing 
curriculum to meet the standards for science literacy as recommended in the companion 
document Science for All Americans. 
One of the first steps in developing students that are scientifically literate is to 
inform them of the nature of science.  The NSES and Benchmarks for Science Literacy 
(1993) developed initiatives for improving science education, and they define 
scientifically literate students as people that “can ask, find, or determine answers to 
questions derived from curiosity about everyday experiences which are aspects of NOS.  
It means that a person has the ability to describe, explain, and predict natural phenomena” 
(NRC, 1996, p.22).  To have students rise to this level is important in establishing a 
scientifically informed society.  For students to be more informed, teachers will be 
expected to be prepared at higher levels about the nature of science to assist students in 
their development.   
The National Science Education Standards (NSES) are integral to the current 
wave of science education reform (NRC, 1996).  At the heart of the reform movement, 
emphasis is placed on inquiry methods of teaching and learning about the nature of 
science.  The NSES provide goals of science education in the following areas: Teaching 
Standards, Professional Development Standards, Assessment Standards, Content 
Standards, Program Standards, and System Standards.  These goals are a fundamental 
part in developing teachers that would be able to incorporate the nature of science into 
the curriculum (NRC, 1996).    
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Past reform efforts emphasize that learning science must be done through 
scientific inquiry and that science content should be rigorous (AAAS, 1993; NRC 1996, 
2000).  To improve student literacy, Inquiry and the National Science Education 
Standards (NRC, 2000) provided different facets to teaching inquiry-based learning for 
students to gain thorough knowledge about science, that included students learning 
principles and concepts of science, obtaining reasoning and procedural skills for 
conducting science experiments, and understanding how scientific knowledge is created 
and processed (NRC, 2000).  When teaching inquiry, teachers realize that science done as 
inquiry involves developing content as a result of carrying out investigations that are 
posed by questions, problem solving and using logical reasoning (NRC, 1996).  In an 
inquiry based classroom students construct their knowledge about scientific concepts by 
replacing their misconception with accepted information. 
The national reforms have placed great emphasis on science inquiry 
understandings by new teachers and made it imperative that all science teachers help 
students become more informed about the nature of science.  Lederman et al. (2002) 
compiled a list of these understandings to include different methods of investigation, 
designing and interpreting research projects, making distinctions between data and 
evidence, recognizing alternative explanations and models, and finally developing an 
acceptance of scientific information.  The teachers are expected in many different 
curricula to be able to use scientific processes and inquiry abilities as part of their course 
to raise the science education level of their students.   
Utilizing these abilities by science teachers about the nature of science and 
science inquiry has been approached by two different instructional methods, implicit and 
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explicit.  Implicit, according to Lederman et al. (2002), refers to teaching through process 
skills and/or scientific inquiry without any form of reflection or discussion about science.  
Explicit science instruction is defined by Abd-El-Khalick and Lederman as the 
“utilization of elements from history and philosophy of science and/or instruction geared 
toward various aspects of nature of science” (2000, p.681).  During the student’s science 
understanding endeavor, many of the researchers in science education emphasize the 
explicit approach to teaching because it gives students opportunities to participate in the 
processes of science (Abd-El-Khalick & Lederman, 2000; Lederman et al., 2002; Bell, 
Blair, Crawford, & Lederman, 2003; Schwartz & Crawford, 2003).   
Research Questions 
This study measured how pre-service science teachers’ concepts of the nature of 
science were affected when learning conceptual physics.  As part of a unit on waves in a 
graduate level algebra-based conceptual physics class for science educators, students 
investigated lessons on different types of waves, their properties, and finally 
understanding Snell’s Law.  This unit on waves in physics contained aspects addressing 
specific areas of NOS.  
In order for students to understand the nature of science in physics, the pre-service 
science teachers analyzed their views about NOS and how to incorporate them into 
physics lessons.  This project used pre-service science teachers in a university conceptual 
physics class and laboratory to address the following research questions:  (1) what were 
the four pre-service science teachers’ concepts about the nature of science prior to taking 
a university graduate level conceptual physics class?  (2) How do the nature of science 
conceptions of four pre-service science teachers’ form, develop, and change when 
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learning the unit on waves in a graduate level conceptual physics course at an urban 
university?  
Theoretical Framework 
Constructivism 
 Learning about the nature of science is made up of taking pieces of information 
and putting them together to construct a view of the concepts.  Students are able to view 
learning as gathering new information by either adding to their previous concepts or 
changing older non-viable information.  In this way the learner begins to make up new 
ideas about individual concepts that fit together as a puzzle.  Because the learners have 
the ability to combine information, it makes it easier for them to construct their 
knowledge if their instructor has put the NOS puzzle together before they teach.  
 The learning process becomes challenging when abstract concepts about the 
nature of science are difficult to fit into a puzzle to form new knowledge.  The learner 
begins to rearrange older information to make room for the new concepts being added, 
and for some this requires a great deal of mental work to construct a new conceptual 
framework.  The theory that grounds this research project is constructivism (Bruner, 
1990). 
Information on the way students construct their knowledge, or constructivism, 
comes from Jerome Bruner’s and other early research in educational approaches to 
encourage the development of learning and thinking. Bruner's idea of the constructivist 
theory is a general framework for instruction based upon the study of cognition. Bruner's 
work over the decades emphasized the importance of understanding the structure of the 
10 
 
subject being studied, the need for active learning as the basis for true understanding, and 
the value of reasoning in learning (1990).  
In addition to being used as a philosophy and an epistemology, constructivism 
also can be used to indicate a theory of communication between the learner and teacher, 
or groups of people (Bruner, 1990). If you are sent a message with no knowledge of a 
specific receiver to interpret what is said, then you have no idea what message was 
received, and you cannot interpret to give a response. Viewed in this way, instruction 
becomes the establishment and maintenance of a language and a means of 
communication between the teacher and students, as well as between students. Simply 
presenting material, giving students problems, and accepting answers back is not a 
refined enough process of communication for efficient learning. So the students might be 
nodding their heads but sometimes they do not understand anything the teacher is 
teaching. 
Much of Bruner’s constructivism theory is linked to child development research 
that is related to Piaget’s concept of the student as a learner.  As summarized by Penrose 
(1979), Piaget basically describes the mind’s conceptual framework as an organism that 
experiences continual change on various levels. The change process, called equilibration, 
is the growth process of the conceptual organism so as to be functional to the individual 
as well as to accurately describe his surroundings. Equilibration is achieved via two 
mechanisms: assimilation and accommodation. Assimilation is the process of acquiring 
new information as the individual interacts with the environment. Such a process simply 
adds new concepts to the existing framework. However, when new information does not 
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fit into the conceptual structure, the structure must be reorganized. This is the process of 
accommodation. 
 The main idea here, as summarized by Penrose (1979) is that the mind is not 
viewed as an idle container but as an active participant in the understanding of the world. 
New concepts must fit into a network of old concepts. This “fitting in” is a subjective 
assessment. The mind of the learner will interpret the new concept not so much as a 
brand new, objectified idea but as a filtered, subjective idea, seen through the preexisting 
network of the learner. Only when the new concepts do not make sense within the 
learner’s framework does the learner make adjustments to his or her conceptual structure. 
Piaget contends that the development of the mind takes place through both this 
accumulation and restructuring.  Piaget describes the individual learner as an active 
participant in their intellectual development which allows the learner to tie new 
experiences with preexisting mental framework (Penrose, 1979). 
The nature of science is grounded in contemporary learning theory based on a 
constructivist framework (Lederman, 1992). In constructivism the mind is seen as an 
integral player in the learning process, and the learners engage in discovery learning of 
their environment by obtaining knowledge for and by themselves (Bruner, 1990). The 
learner selects and transforms information, constructs hypotheses, and makes decisions 
by relying on current and previous knowledge. In order for discovery to occur, learners 
require background preparation in the form of a cognitive structure that they have 
developed over the course of time from their environment.   
To Bruner (1990) learning is an active process in which the learners construct 
new ideas or concepts based upon their current and past knowledge.  Second, prior 
12 
 
knowledge of the learners impacts the learning process in the present and future. Third, 
building useful knowledge structures requires effortful and purposeful activity to 
comprehend what is around the learner.  Instead of external information being dumped 
into the mind for storage or simply to cause some type of response from the individual, 
constructivism sees the mind as a shaper of the information (Mintzes, Wandasee, & 
Novak, 2000). 
Science Education View of Constructivism 
A constructivist view of science education is different from other views because 
the constructivist philosophy asserts all knowledge is constructed as a result of cognitive 
processes within the human mind.  Many researchers who are attempting to study science 
see a conflict between science and constructivism at the operational level. In fact, 
scientists admit that if an external reality exists we can only construct a model of it based 
on what is around us. Thus, all that we know about science is actually a set of stimuli and 
experiences that are used to understand the world we live in.  
Understanding the world around us is in accord with the scientific view, and John 
Dewey (1933) wrote of learners as being discoverers of knowledge by performing 
science activities.  These activities and interest come from the science culture that 
students are immersed in during their science classes.  According to Vygotsky (1978) 
these science activities are related to the culture of science that is created by scientists, 
which can be used by teachers to help students construct their own knowledge.   So, on 
an epistemological level, how a person knows or learns anything is the basis of science, 
and constructivism is a model for understanding science (Redish, 2004).  So in essence 
science and constructivism are in complete harmony. 
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In science education, constructivism has become one of the dominant paradigms 
of educational theory. Redish defines constructivism as a belief that new knowledge must 
be constructed out of existing knowledge, by establishment of new associations, 
transformation, and processing (2004). The educator’s role in the constructivist paradigm 
is to help students construct new knowledge. In order to assist the students the educator 
needs to be able to determine what the students are thinking and why they make the 
mistakes that they do. That is, educators and researchers need to be able to describe and 
understand how students construct new knowledge. 
Cognitive science has taken the study of the mental processes used to acquire, 
store, process, and use knowledge to a different level. In essence, the constructivist model 
is a theory of learning and cognition by the learner who could be a student, teacher, or a 
scientist. As a theory of epistemology, constructivism plays a central role in cognitive 
science, a role akin to that of causality for the physical sciences. Like causality, 
constructivism provides no specific answers, but rather frames the questions to find the 
knowledge, and sometimes acceptable forms of answers (Bruner, 1990).  So in essence, 
constructivism is a philosophy of learning founded on the premise that, by reflecting on 
our experiences, we construct our own understanding of the world we live in. Each of us 
generates our own "rules" and "mental models," which we use to make sense of our 
experiences. Learning, therefore, is simply the process of adjusting our mental models to 
accommodate new experiences (Bruner, 1990). 
If a classroom is based on the constructivist model and not the traditional 
transmission of information model, research has shown there will be improvement in 
student comprehension.  In the traditional model of teaching, someone, such as a teacher, 
14 
 
is simply dispensing information to the learner, and the learner learns passively.  In the 
constructivist model of teaching, the teacher becomes more of a facilitator, someone who 
structures activities that improve communication between participants in the classroom; 
they challenge students' pre-conceived notions and help students revise their world-
views.  As Bruner (1990), points out, the instructor should try to encourage students to 
discover principles by themselves, and both learners and teachers should engage in an 
active dialog similar to Socratic learning.  Under constructivism, the learners should 
construct their own conceptualizations and solutions to problems, and this could lead to 
learners’ autonomy about a topic because they are given the opportunity to build on prior 
knowledge with a minimal amount of passive teaching.  
To foster a constructivist model in the classroom, teachers need to be familiar 
with the content knowledge, know how to present the topics, and design a classroom 
where the individual learner develops critical thinking.  To allow for the students to gain 
knowledge in science, researchers like Cobern push for a constructivist perspective that 
values learning as a way of discourse over a wide range of ideas which students develop 
about science (2000).  Developing connections with prior knowledge, especially 
knowledge that students have learned on their own, is very important to developing a 
critical engagement with science (Cobern, 2000).  Students that have learned on their 
own, by exploration or reading, begin to develop their own knowledge about how 
constructivism could be used in their classroom, and what it means to them.  So if a 
student teacher has learned under a constructivist model, they tend to incorporate that into 
their classroom, making it student guided, instead of teacher centered. 
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 How students construct their knowledge of science in a society depends on how 
they view the nature of science.  If many science philosophers are asked what the nature 
of science entails, a lot of them would have different answers (Alters, 1997; Abd-El-
Khalick, Bell, & Lederman, 1998).  Yet these science educators tend to agree that the 
scientific process and the endeavors of students’ science classes are important to society, 
and there have been many advocates in science education reform literature making 
science accessible to students (AAAS, 1993; NRC, 1996).      
Even those who are training to become scientists do not necessarily grasp the 
entire set of NOS concepts. Ryder, Leach and Driver (1999) show that even upper 
division science majors, working on independent research projects; have less-than-perfect 
views of NOS. Even though such students are directly involved in research, they still 
believe in absolute proof – the idea that science can prove that some fact is certain and 
that science’s ultimate aim is for ultimate, unalterable truth. “Such a shortfall reflects the 
emphasis of undergraduate courses on ‘ready made science’ as opposed to ‘science in the 
making’”  Ryder et al., 1999, p. 12) and also supports the claim that implicitly instructed 
NOS concepts do not make for effective learning. These observations suggest that we are 
not only missing opportunities as we teach younger students, non-science focused 
students, or pre-service teachers, but also as scientists teach “their own.” The 
implications for instructional reform are potentially staggering. If we are not teaching our 
science majors the nature of science, then what are we doing? 
 To many science learners, the nature of science seems to be an abstract thing 
compared to other science concepts in the curriculum.  If science education researchers 
have difficulty coming up with what the nature of science entails, then it should be noted 
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that science educators, and their students, will have a difficult task to pin down and 
describe NOS.  
Conceptual Change and Knowledge Structure 
Constructivism has a premise that is contrary to behaviorism and other 
mechanistic learning theories.  This premise is that the learner is always interpreting 
information that has been constructed in the mind from previous stimuli (Mintzes et al., 
2000).  A learner should then not be portrayed as void of knowledge but as a person that 
fits new knowledge into preexisting structure already formed (Mintzes et al., 2000).  This 
idea is central to the way learners develop their concept of NOS, and the conceptual 
framework change that is created.  
For conceptual change to occur about the nature of science, learners construct and 
restructure their knowledge as new concepts are being perceived (Posner, Strike, 
Hewson, &Gertzog, 1982).  Conceptual change is traced to philosophers of science who 
were seeking to better understand the process by which scientific understanding develops 
for different groups within a discipline (Kuhn, 1970). As a child of constructivism, 
conceptual change recognizes that learners create new knowledge from their own 
personal understandings of the world and it involves theory revision.   Tao and Gunstone 
(1999) call the mechanism of conceptual growth a fundamental in education research:  
“The question of how conceptual change is achieved and the specifications of the 
mechanisms that bring it about is one of the fundamental problems of cognitive 
psychology today.  A theory of conceptual change is a prerequisite for any 
comprehensive account of learning and can have important implications for instructions” 
(p. 862).  To some researchers the new knowledge is added to older information through 
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different types of learning schemas (Reynolds, Sinatra, & Jetton, 1996), to others the 
same process is referred to as the general theories of knowledge structure (Chi, 1992).  
Schema theory describes a mind that is composed of a network of interconnected 
concepts.  In their study Reynolds et al., found that the network is built by the individual 
learner so that external information can be stored in the preexisting network in the most 
reasonable manner (1996). Reynolds et al. further point out what is considered reasonable 
in this case is dependent on the individual and how his or her preexisting schema network 
is already laid out. For example, if I am jogging through the woods and I come across an 
individual tree that I have never seen before, I can still find a way to describe this tree 
based on what I already know about trees in general. Otherwise, every tree I come across 
during my jog would be a brand new concept for me to deal with. In such a case, the 
filing system of my mind would be much disorganized, with each new concept simply 
thrown into the pile of disorder. One can imagine that I would be in for a long and 
fascinating jog, finding new amazement with every tree I encounter. Schema theory, 
however, describes the filing system of the mind, making the learning process a much 
more organized and orderly task. 
 Schema theory presents to educational research a mind that is neither blank nor 
ever completely formed. A network of schema is composed of concepts that are 
interconnected to one another within the mind, making certain that a concept is never an 
island unto itself (Reynolds et al., 1996). To make a tree meaningful to me during my jog 
I would make connection of tree to another to construct a meaning for the tree. So, 
concepts will have meaning within a framework of other concepts when the connection 
are made that would fit the understanding of the learner. 
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 These linking concepts are, of course, linked to other concepts. Needless to say, 
there are an infinite number of possibilities as to how concepts within the individual mind 
get linked together. According to schema theory, the linkage between all these concepts 
determines how an individual perceives and interprets the world (Reynolds et al., 1996).  
As learners construct their knowledge through linking conceptions, it should be noted 
that it is only a brief relatively linear pattern of connecting concepts (Reynolds, et al., 
1996). Any single concept within the chain that the learner describes is actually 
connected to multiple other concepts, based on their past experiences and past 
construction of such experiences.  Eventually this will lead to a complex schema 
construction that is tremendously complex and unique.  
The general theory of knowledge structure, similar to schema theory describes the 
various kinds of cognitive constructs to understand the structure of concepts in general, 
not restricting the focus to simply concepts in physics. One distinct framework of this 
model that has emerged about the way students structure knowledge is the unitary or 
alternative framework (Chi, 1992).  In short, the unitary story of knowledge is that 
students possess robust cognitive structures, or misconceptions, which need to be torn 
down, so the correct conception can be erected, in this case the views of the nature of 
science (Chi, 1992). The theory can also be extended to make claims that students 
possess small pieces of knowledge in both physics and NOS that have developed through 
everyday reasoning about the world (Chi, 1992). These small pieces of knowledge are 
activated by different contexts, and can be built upon to foster learning NOS in physics. 
 In the unitary model study, Chi’s (1992) central claim is that concepts exist within 
ontological categories, and the ontological categories admit an intrinsic and a 
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psychological reality. The intrinsic reality is a distinct set of constraints which govern the 
behavior and properties of entities in each ontological category (Chi, 1992). Meaning, 
that each person develops their ideas and connections to the ideas based on their 
comprehension of the topic.  The psychological reality is “a distinct set of predicates 
[that] modify concepts in one ontological category versus another, based on sensibility 
judgment task” (Chi, 1992, p. 165).  So, the intrinsic reality is an objective reality that is 
imposed by a “sensible” (scientific) community; whereas, the psychological reality is a 
subjective reality created by the individual. Chi’s (1992) study concludes that there 
should be an isomorphism between these two realities in order for learning to occur.  
Students do not start out knowing everything; they must change their mental state 
(i.e., undergo conceptual change) in order to learn. To understand conceptual change in 
Chi’s ontological categories model, the details of Figure 1 must be discussed. The two 
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Figure 1. Idealized Ontology (Chi, 1992). 
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entries along level 3—namely, the squares entitled Natural Kind and Artifacts are two 
different branches or ontological categories. The ontological tree refers to the collection 
of branches or ontological categories that are linked across different levels by arrows and 
in the figure the ontological tree is associated with Matter. The ontological structure 
permits two kinds of conceptual change: conceptual change within an ontological 
category and conceptual change across ontological categories. Chi argues that the latter is 
more difficult and requires different cognitive processes to occur; therefore, it would 
better be classified as the acquisition of new conceptions rather than conceptual change 
(1992).   
To Chi (1992) when students undergo radical conceptual change it means a 
cognitive shift across different ontological categories while "normal" conceptual change 
takes place within ontological categories. In other words, a new idea should not be taught 
by directly confronting or transforming the learner’s current idea, but by establishing an 
alternative knowledge structure or representation.  After reviewing the evidence related to 
the learning of so-called ontological categories, Chi concluded "... instruction about a 
new ontological category must proceed by teaching this new ontological category of 
concepts independently of the old or existing conceptions." (1992, p. 179). 
The theory asserts that conceptual change across ontological categories requires 
two independent processes. First, the new category must be learned and understood. An 
example from physics would be the acquisition of the scientific notion of Force as a new 
ontological category. Secondly, radical conceptual change requires the realization that the 
original assignment of the concept to a particular category is inconsistent with the 
properties of that category; therefore, the concept must be reassigned to a different 
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category. Staying with the same example from physics, one must realize that the concept 
of Impetus, as articulated by McCloskey (1983), does not belong in the ontological 
category of Force. 
The first requirement for conceptual change is achieved by learning the new 
ontological category’s properties and learning the meaning of the individual concepts 
contained within this ontological category (Chi, 1992). The second requirement for 
conceptual change is the reassignment of a concept to a new ontological category which 
can be achieved in one of three ways. 
Firstly, learners can actively abandon the concept’s original meaning and replace 
it with a new meaning from the content they remember and develop new conceptual 
framework (Chi, 1992).  For example, actively realizing that a thrown ball does not 
posses a quality like Impetus, rather the ball simply interacts with other objects via 
Forces.  According to Chi (1992), the second method to reassign a concept to a new 
ontological category is to allow both meanings of the concept to coexist, in different 
ontological categories, with either meaning being accessible depending on context. Chi 
argues that this is probably the most common type of change since many professionals 
like physicists will occasionally revert back and use naive notions to make predictions of 
everyday events. Third, the coherence and strength of the new meaning can be so robust 
that the replacement of the concept is automatic (Chi, 1992).   
Chi’s conclusion of conceptual change, has similarities to Posner et al. (1982), 
involves changing a learner's ontological commitments to knowledge. When explaining 
ideas to oneself or to others, new knowledge prompts ontological reorganization, or the 
creation of new categories to allow the acquisition of new knowledge (Chi, 1992). The 
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three points previously made and Chi’s conclusion allowed him to propose a theoretical 
framework, be it a rigid hierarchical structure, to understand conceptual change that 
occurs in learning science which can now be applied to understand how students make 
sense of NOS when learning physics. 
 Some learners see a conflict when adding new information to the pre-existing 
ideas, and a need to resolve this conflict becomes a motivation for them to learn.  Out of 
this conflict conceptual change emerges because the learners will begin to fit their mental 
schemes to reality (Bodner, 1986).  Students’ constructs of theories and models are 
constantly being tested by their experiences, and these connection to theories and models 
survive only when they are useful (Bodner, 1986).  So students replace a misconception 
by constructing a new concept that explains the new phenomenon appropriately.  
 This study probed less of the nature of the teaching environment but looked more 
in depth into how learners made connection between a science unit and the nature of 
science, specifically what role the unit on wave in physics played when learning the 
nature of science. This is a hard question to be answered because in order to get to that 
level, one must somehow unravel what is going on inside the mind of the learner about 
NOS when the physics concepts are learned.   
To understand the thinking of the learner a graphic organizer, such as concept 
mapping, was employed by the learner to project their connections in this project.  
Concept mapping has been researched in different school grade levels and in many 
different science fields such as biology, chemistry, physics, and anatomy.  Thorsland and 
Novak performed a study in 1974 and they reached a conclusion that students who 
organized and appropriately structured their problem solving techniques were at a great 
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advantage over other students (as cited by Pankratius, 1987). Now students were able to 
progress in their studies.  Also Eylon and Reif in 1979 conducted a study on hierarchical 
knowledge organization and they concluded “that performance on recall and problem 
solving tasks was improved” (as cited by Pankratius, 1987).   
 College level students have also been introduced to concept mapping to 
understand if there is conceptual change about a topic when they are learning science.  
Odom and Kelly (2001) designed a study with 108 secondary students enrolled in 
different college preparatory biology classes.  These students were introduced to concept 
mapping as part of their class when they were learning diffusion and osmosis.  The 
students’ benefited and conceptual change occurred as Odom and Kelly found out using 
the concept mapping strategies to enhance some aspects of learning concepts more 
effectively than expository teaching (2001).  They further explain that students become 
engaged in the learning process and they are also actively acquiring knowledge when 
they are creating concept maps (Odom & Kelley, 2001).  When students are actively 
participating they learn how to debate and argue amongst each other about the 
relationships among the concepts with their proper placement on the map (Odom & 
Kelley, 2001). This study will use concept maps from participants to trace the conceptual 
change of views about the nature of science when learning the waves unit. 
Rationale for the Study 
There is a need to improve students’ ability to engage in scientific inquiry in our 
society.  Many students believe that science is a body of factual knowledge to be 
memorized rather than think about science being a process that generates an 
understanding of the world around us.  Even when they are learning science facts, 
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students tend to possess a naïve view of the ways that science works, and of the processes 
that influence science (Lederman, 1992).  Most of the science education research has 
indicated educational objectives that would help students become scientifically literate 
through modes of inquiry (Schwartz, Lederman, & Crawford, 2000).  Science education 
researchers like DeBoer (1991), Abd-El-Khalick and Lederman (2000), and organization 
like the NRC (1996) and the AAAS (1993) have for some time been concerned with how 
to best conduct the teaching of science such that the naïve conception is addressed, and 
how to begin to modify it to make the students get a better grasp of the nature of science.  
One way to improve students’ understanding of NOS is to have teachers understand what 
nature of science entails and its place in the science curriculum.   
Currently researchers have done less to identify how NOS conceptions are 
developed in the learner than we have done to identify the conceptions themselves and 
what external factors help, or fail to help, the development of such conceptions 
(Lederman & Niess, 1997). Lederman confirms that the static conceptions of students 
have been investigated, but little has been done along the lines of how these conceptions 
change (1992).  This study investigated if there were changes in NOS views as the 
participants were learning the physics of waves. 
The initiative for this study began in the summer of 2002.  At that time I had 
taken the conceptual physics class at Georgia State University, the same class I will be 
using for my research, and I began to notice that many of the pre-service science teachers 
who have not taught before understood the content and the experiments but were 
confused about the application to other science knowledge.  This made me think about 
problems students had about the nature of science, and understanding the connection with 
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physics.   But that was only the beginning because in March of 2003 I attended the 
National Association for Research in Science Teaching conference in Philadelphia.  At 
the conference I attended a session led by Mr. Abd-El-Khalick, Mr. Lederman, Ms. 
Schwartz and other science education researchers discussing the nature of science and the 
use of the views on nature of science (VNOS) instrument.  I began to envision using the 
VNOS instrument to study the way pre-service science teachers taking the conceptual 
physics class viewed the nature of science and how they constructed their knowledge of 
NOS.  
The more I thought about combining the learning of physics and the VNOS, the 
more I wanted to do this science educational research project on this conceptual class.  
This class will have the opportunity to have an authentic experience in physics that would 
cause growth in their knowledge.  Being a physics teacher will make me want to give the 
pre-service and in-service science teacher a positive experience in a science class that is 
viewed by many as being hard and abstract.  I will allow the students to do physics 
experimentations that are relevant to understanding both physics content and NOS, and 
are authentic.  These experiments will also be relevant to their own physics classroom if 
they teach physical science in the future.               
Although the topic of waves is one of many topics in physics, there tends to be a 
naïve view that students have developed from past experiences about waves and nature of 
science.  Misconception studies have been conducted in physics and the nature of 
science, but more research in the past thirty years has centered on the more general topic 
of the nature of science.  Even though the focus of the research regards the pre-service 
and in-service science teacher conception of waves, this research will lay down a broader 
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foundation upon which an understanding of further science concepts can be built in 
physics area that is critical for those who may potentially teach physics in the secondary 
level.   
As a physics teacher and science education researcher, I would like to do research 
in both fields.  I have over 10 years of experience in teaching physics, and about 5 years 
as a science education researcher.  What I have come to understand about myself is that I 
would like to help prepare science teachers to use scientific inquiry as part of their 
pedagogy.  A way to do this is to allow pre-service and in-service science teachers to 
perform experiments and research dealing with waves in physics.  As the participants 
learn scientific research, I will be able to study and explore their views about NOS. 
The results from this physics education study will add to the current 
understanding of the alternative conceptions that students possess about certain aspects of 
NOS as well as the type of activities that lead to more informed NOS understandings.  
When teachers begin to comprehend their views about the nature of science, they are 
more apt to identify alternative views in their own students.  This is important because 
teachers need to understand their students’ misconception of NOS and other alternative 
views and how to bring them out for discussion and then address them when teaching a 
physics class.  
Goal of the Study 
The goal for this study was to follow how views about the nature of science 
evolved when learning the physics of waves.  Physics lessons incorporated open-ended 
problems in which the pre-service science teachers proposed and defended their theories 
in light of the available evidence when studying waves.  The majority of the conceptual 
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physics class time was used to lecture by a Georgia State University tenured professor, 
performing demonstrations, and doing labs concerning waves.  The classroom lessons 
highlighted the targeted physics unit the students were considering to understand the 
aspects of NOS and after class time there were questions asked of the participants to 
answer explicitly about the nature of science in relation to the physics content.  This way, 
aspects of the nature of science were considered as planned, and there were further 
instructional activities in which students were challenged to reflect on their own work on 
waves and relating it to the interpretations of the nature of science.   
To study the pre-service science teachers’ own understanding, we needed data of 
students processing the understanding of NOS issues and research methods for analyzing 
that data. To understand the conceptual change of NOS by student, we needed to know 
students’ initial state (what they already know) and final state (what they need to know) 
and to have a model of how cognitive change occurs. To get useful data, I used the 
experiments and activities in the waves unit in the physics class along with concept 
mapping and daily questions, to understand how the students think through the NOS 
issues and identify schema patterns the students developed to show how their views about 
NOS evolved.  
Overview of Methodology 
This study investigated qualitatively how pre-service teachers’ views of NOS 
formed and changed when learning a unit on waves.  The efficacy of the physics waves 
unit helped the students develop a more robust view of the nature of science because it 
was assessed by means of an open-ended survey and an organizational method of concept 
mapping.  A VNOS/VOSI-PHYS questionnaire was designed by the researcher which 
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was composed of modified VNOS and VOSI questions described by Lederman et al. 
(2002) and Schwartz et al. (2000).  The VNOS/VOSI-PHYS questionnaire was 
administered before the start of the wave unit and after the unit had concluded.  After the 
questionnaire was given to participants, I interviewed them individually to clarify their 
written responses.  At the start of the wave unit, for this particular research study, 
participants developed a concept map of their views about NOS, and every day they were 
instructed to add to the concept map as they were learning the physics of waves.  The 
process consisted of students concept mapping the NOS and the physics content, learning 
the physics concepts, answering questions about NOS, concept mapping the information 
about the physics content and NOS again.  Also, during the unit on waves, the 
participants were sent daily questions electronically regarding NOS, which they answered 
and sent back to me for analysis.  When the unit on waves was finished, I evaluated pre 
and post VNOS instrument, the interviews, the responses to the everyday NOS questions, 
the complete concept maps and then built a theory about how the views of NOS evolved 
when learning physics. Throughout the investigation, I maintained a written journal of 
my own participant observation when lab experiments were performed, physics and NOS 
topics were discussed, and my experiences during the interviews.  The four criteria of 
credibility, transferability, dependability, and confirmability, as described by Lincoln and 
Guba (1985), were used to establish the trustworthiness of the data.   
Summary 
 This research aimed to give a rich description of NOS conceptions of students in a 
physics course.  This research approach is necessary because to really understand what it 
is that pre-service science teachers are learning about the NOS, we need to describe these 
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conceptions as completely as possible. This focus is also necessary if we are to have a 
more thorough understanding of how conceptual change occurs during a wave unit. 
 This study is designed to make a contribution to students’ understanding of NOS, 
and the literature reviewed in the following chapter will reveal that students do not, and 
have not for quite some time, understood the nature of science, even though it is 
advocated as a crucial part of scientific literacy.  Second, the following chapter will also 
describe that, although we have come to understand learning with much more 
sophistication than we did several decades ago, we still do not fully understand all the 
factors involved in the learning process. This is especially true of the learning 
characterized as conceptual change. Third, to delve deep into understanding the 
conceptual change, graphic organizers will be implanted in the study.  
Definitions 
Benchmarks for science literacy:  Specifies how students should progress toward 
science literacy by outlining learning goals to be targeted at certain grade levels. These 
learning goals, or benchmarks, are statements of what all students should know or be able 
to do in science, mathematics, and technology by the end of grades 2, 5, 8, and 12.  These 
benchmarks are a set of science literacy goals developed through Project 2061, AAAS's 
long-term initiative to reform K-12 science education 
Conceptual Change:  Learning that changes an existing conception (i.e., belief, 
idea, or way of thinking).  An existing conception is fundamentally changed or even 
replaced, and becomes the conceptual framework that students use to solve problems, 
explain phenomena, and function in their world. 
30 
 
Constructivism:  Knowledge is not a fixed object it is constructed by an individual 
through her own experience of that object. Constructivist theory of learning 
acknowledges that individuals are active agents; they engage in their own knowledge 
construction by integrating new information into their schema and by associating and 
representing it into a meaningful way.  Constructivist approach to learning emphasizes 
authentic, challenging projects. 
Explicit learning:  Characterized as an active process where people seek out the 
structure of any information that is presented. 
Implicit learning: Characterized as a passive process, where people are exposed to 
information, and acquire knowledge of that information simply through that exposure. 
Nature of science: Contains characteristics relevant to understanding the natural 
world.  Some of the characteristics are (1) guided by natural law; (2) explained in terms 
of nature law; (3) process is testable; (4) conclusions are tentative; (5) it is falsifiable. 
Schema theory:  describes a mind that is composed of a network of interconnected 
concepts.   
Science:  Understanding the natural world.  Knowledge covering general truths of 
the operation of general laws, esp. as obtained and tested through scientific method and 
concerned with the physical world. 
Scientific inquiry:  guided by knowledge, observations, ideas, and questions to 
understand nature.  It is, for instance, a more subtle and demanding process than the naive 
idea of "making a great many careful observations and then organizing them." It is far 
more flexible than the rigid sequence of steps commonly depicted in textbooks as "the 
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scientific method." It is much more than just "doing experiments," and it is not confined 
to laboratories. 
Views on nature of science:   Contains aspects of how students conceptualize the 
natural world.   
Views on nature of science Questionnaire (VNOS):   The instrument elucidates 
participant’s views about several aspects of nature of science (NOS) such as creativity, 
tentativeness, social and cultural, and theory-laden (Lederman et al., 1997).   
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CHAPTER 2 
REVIEW OF PERTINENT LITERATURE 
 
Introduction 
 This educational research study was performed to understand the pre-service 
science teachers’ views about nature of science and how those understandings evolve 
when learning conceptual physics. Such an investigation considered how students in a 
graduate level conceptual physics class made connections between the comprehensions of 
physics and the influence in understanding the content had on their views of science. In 
combining the genre of physics and nature of science research, I propose that pre-service 
science teachers and researchers can benefit from this study because it will show how 
students learning physics changes their views of NOS. 
 Among researchers who study pre-service science teachers’ epistemologies of 
NOS, a consensus has emerged about what constitutes a characteristic of sophisticated 
understanding of NOS concepts.  This chapter will focus on reviewing the literature for 
nature of science, conceptual change, and connection between the two. According to this 
community consensus, pre and in-service science teachers should understand scientific 
knowledge as tentative and evolving, rather than certain and unchanging; subjectively 
tied to scientists' perspectives, rather than objectively inherent in nature; and individually 
or socially constructed rather than discovered. Surveys, interview protocols, and other 
methods used to explore students’ beliefs about scientific knowledge broadly reflect this 
outlook. 
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Science and its Nature 
 One of the concepts in understanding the nature of science is the definition of 
science itself.  Science education researchers, like Lederman and Niess, define science as 
the concepts and knowledge that are associated with science’s apparent facts such as 
gravity pulls us towards the Earth, we live on large tectonic plates, when an object 
accelerates it develops a force, and if a star explodes it releases many different gases into 
space (1997). Yet, we still cannot explain everything about gravity, plate tectonics, and 
the “big bang” with our current knowledge.  Pure science is less about these “knowns” 
than it is about the questions that lead to these ideas. Furthermore, science has a very 
particular way of asking and answering such questions (Lederman et al., 1997).   
 Two further tenets of science proceed from this first one. Because science is not 
exclusively made up of knowledge and because such knowledge can change as a result of 
further questioning, gathering of data, and the creative explanation of said data, 
everything that science “knows” is subject to reconsideration. That is, scientific 
knowledge is tentative. It can be argued that this characteristic is an essential one to 
understand if one is to understand science fully (Lederman & O'Malley, 1990). 
 Also, because science has its own set of procedures and rules, based on empirical 
data, it is only one way of coming to understand the world. Many may imply or think that 
science’s way of knowing supercedes or overrules any other kind of knowledge. Once 
scientists note that some of the products of science have been “wrong,” they realize that 
science itself as a body of facts cannot be instantly reliable, even though they find that the 
facts of science become more reliable as its knowledge continues to be put through tests.  
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 Thus, the definition of science, science’s tentative nature, and the fact that science 
is a way of knowing (rather than the way of knowing) are all essential to understanding 
how science works (AAAS, 1993; National Research Council, 1996). As a virtue of being 
advocated in science reform documentation (AAAS, 1993), NOS tenets are evaluated by 
scientists and science educators to have personal utility, social value, value as cultural 
knowledge, and philosophical value (Lederman et al., 1997).  If these understandings of 
NOS are deemed so fundamental, then it is important that pre and in-service science 
teachers, along with their students, begin to see these facets of science reflected in the 
curriculum which they encounter. 
Views of Nature of Science 
History of Nature of Science. 
 Currently nature of science research is a markedly active area of research and 
inquiries regarding students’ conceptions of the nature of science are nothing new. The 
first “formal instrument” to assess nature of science conceptions was developed in 1954 
(Lederman, 1992). A measure known as the Science Attitude Questionnaire (Wilson, 
1954) was tested for validity and its results suggested that students held that scientific 
knowledge is absolute and unchanging, and that science’s primary objective is to uncover 
“truths.” Ironically, we find the same information being gathered today using different 
instruments, despite supposed reforms in science teaching and despite different, more 
valid measures for nature of science conceptions. 
 Other studies in the middle of the 20th century into student understandings of the 
nature of science painted a clear picture that students did not have informed views of the 
nature of science.  In the 1950’s Mead and Metraux (1957) conducted a nationwide study 
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of 35,000 essays on the topic “What Do You Think About Science and Scientists?”  Their 
findings on student’s views of the nature of science were that the students believed that 
scientific knowledge was absolute and that a scientist’s role was to discover natural laws 
and truths. 
 Other researchers began to look at how students viewed the nature of science 
throughout the 1960’s.  Understanding High School students’ naïve view of science 
began to be researched by Klopfer and Cooley (1963) who administered to students the 
Test on Understanding Science, or TOUS instrument.  Klopfer and Cooley (1963) using 
the 60-item multiple choice test to study the overall or general understanding about the 
scientific enterprise, the scientist and the methods of science.  Like their predecessors, 
Klopfer and Cooley concluded students had naïve characteristic views of nature of 
science (1961)  
 In the 1970’s researchers began to focus on difficulties the students had in 
understanding science and how they viewed science.  Rubba and Andersen (1978) 
developed the Nature of Scientific Knowledge Scale (NSKS) instrument and found that 
most of the high school students surveyed believed that theories could eventually be 
proven and become laws and many of those surveyed believed that science knowledge 
was absolute truth.  Rubba and Andersen found that many of the students had deep-
rooted misconceptions about science, theories, and laws which were difficult to overcome 
and made understanding of science hard (1978). This finding led to the conclusion that 
these high ability students were not informed about the nature of science and once 
misconceptions were developed it was hard to change them.  
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 Science education researchers were arriving at the same conclusion about the 
naïve view of science by students, turning their attention toward teachers’ views about 
NOS.  Using the Nature of Science Test (NOST), Billeh & Hasan (1975) found that 
neither the subject taught nor the amount of teaching experience had any relationship to 
teachers’ conceptions of the nature of science.  
 In the NOST research, Billeh and Hasan documented that to teach nature of 
science effectively, there must be explicit and reflective instruction incorporated in the 
curriculum to improve students’ views about NOS (1975).  Teachers’ naïve view of NOS 
was being passed along to students.  Conclusions were being drawn by researchers, like 
Lederman (1992), showing that teachers could not possibly teach what they do not 
understand. This influenced the way teachers approached the science curriculum. 
Despite the questionable validity of earlier decades’ paper and pencil instruments 
used to measure the nature of science (Lederman & O’Malley, 1990), more recent studies 
have affirmed that both students and teachers continue to possess naive conceptions of 
the nature of science.  Abd-El-Khalick & Boujaoude (1997) assessed twenty in-service 
science teachers using the Views of Science, Technology & Society (VOSTS) 
questionnaire coupled with follow-up interviews and found that 50% of the participating 
teachers had naïve views of the nature of science.  Akerson, Abd-El-Khalick, and 
Lederman (2000) used the Views of the Nature of Science (VNOS) questionnaire with 
follow-up interviews to measure the views of fifty pre-service elementary teachers and 
found that the majority of the participants harbored naive views of the nature of science.   
 In the literature review about NOS, Lederman (1992) concurs that, even though 
the NOS line of research is pursued from within teachers’ traditional or constructivist 
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view, teachers still possessed naïve views of NOS. The stereotypical view of science is 
that of a discipline with answers, presumably pointing towards the empirically based, 
factual truth. Thus, science has been seen as a place of gaining information such as the 
chemical structure of vinegar, the amount of energy released when cars collide, the 
structure of the brain, or the type of terrain found on Venus. This is all wonderful 
information to be gained by students and this knowledge should not to be taken for 
granted. At the same time, it must be argued that science’s importance is not so much in 
its facts as in its process of pursuing these facts (Lederman, 1992).  In his research, 
Lederman finds that the essence of science does not rely so much on what the answers 
will be but which questions we ask, the nature of the questions, how they are pursued, 
and what types of answers they lead to (1992). 
Increasingly, science teacher educators recognize the importance of how the 
individual has lived through experiences in science as relevant to the development of 
what he or she will bring to understanding the nature of science (Lederman, 1992).  This 
development of knowledge could have a great impact when the students are going to 
become teachers in the classroom. Thus, teachers’ life histories and how they acquire 
knowledge have come to be seen as grounded experience for gaining knowledge in 
teaching NOS (Lederman & Niess, 1997).   
Understanding of the nature of science (NOS) has been one of the objectives of 
science instruction since at least the first decade of the past century, or since Dewey 
(1933) came up with his ideas about what students should get from education. Sagan 
(1996) wrote of the need for greater science literacy both as a defense against 
pseudoscience and against unquestioning acceptance of reported research. While 
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philosophers, historians, scientists, and science educators have not agreed on a single 
definition of the nature of science (Lederman & Niess, 1997), the concept in the 
educational literature generally refers to the values and assumptions inherent in the 
development and interpretation of scientific knowledge (Lederman, 1992).  
Many of the previously mentioned science researchers would agree that there 
must be a goal when teaching science to allow the students to formulate their own 
conclusion about different science concepts.  Bell, Blair, Crawford, and Lederman (2003) 
in their study of high school students came to the realization that just because students 
learn the content does not mean they understand what entails the nature of science (Abd-
El-Khalick & Lederman, 2000; Lederman et al., 2002; Bell et al., 2003; Schwartz et al., 
2000). For instance students learning about cars changing their velocity and creating 
acceleration do not necessarily will understand the nature of science.  Students need to be 
taught what makes up the nature of science for them to apply these topics to driving and 
riding in cars.  For teachers to build confidence in their understanding of the nature of 
science, blending of explicit and inquiry-based teaching would be a great way to improve 
their knowledge (Lederman et al., 2002).  
 The academic arguments over the specific values and assumptions of science are 
probably of little consequence for K-12 students, or most adults. Nature of science is 
different than scientific processes, in that the latter is activities related to collecting, 
interpreting data, and deriving a conclusion (Lederman, 1992).  On the other hand, NOS 
entails values and assumptions underlying the scientific activities the learner is 
performing (Lederman, 1992). In his studies Lederman (1992) finds that most science 
educators would agree that the purpose of science instruction is not to create philosophers 
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or historians of science but to educate individuals who can make valid judgments on the 
value of knowledge created by science. In this respect, it is important for the learner to 
recognize what entails the nature of science and that scientific knowledge is tentative, 
empirically based, culturally embedded, and necessarily incorporates subjectivity, 
creativity, and inference (Lederman & Niess, 1997). 
Characteristics of NOS. 
 Lederman (1992) reviewed the nature of science literature, dividing it into four 
categories: (1) assessment of the student conception and development; (2) use and 
assessment of curricula to improve student conception, (3) assessment and attempts to 
improve teacher conception; (4) relationship between teachers’ and students’ conception 
of the nature of science (1992, p.775).  Lederman also proposed seven tenets:   (1) 
scientific knowledge is theory-laden; (2) scientific knowledge is tentative and may 
change; (3) scientific knowledge is creatively constructed; (4) science is influenced by 
society and culture; (5) scientific theories and laws are different kinds of information; (6) 
science is empirically based upon observations of the natural world; (7) scientists use 
different methods to do science.   Of the seven, I chose three concepts that not only are 
vital to an understanding of NOS but also are understandable to many individuals with 
limited science or philosophy background. These specific concepts, when understood 
completely, also provide much of the most fundamental description of what the NOS is. 
The concepts I describe are the definition of science, science’s way of knowing, and the 
tentativeness of science. (My summarization of the NOS is based on combinations of 
other descriptions found elsewhere, such as AAAS, 1993; Abd-El-Khalick et al., 1998; 
Lederman, 1992; McComas, 1996; National Science Teachers Association, 2000; NRC, 
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1996).  The definition of science is that science seeks to explain the workings of the 
natural world and is a discipline with a specific way of investigating the world. It is a 
combination of processes, results, and questions which make up a way of knowing. 
 Science is a combination of the means and results of coming to an understanding 
of the natural world. It is not merely a method, a set of data, a group of scientists, or a 
subject in school. Rather, it is a rich combination of these and many other things which 
describe a way of knowing. Science pursues explanations that are based on evidence and 
can be tested. Scientific pursuits also share commonalities such as “observations, rational 
argument, inference, skepticism, peer review and replicability of work” (National Science 
Teachers Association, 2000, p. 15). 
 Science is often confused with technology. Although the two are related (see 
AAAS, 1990), it is important to note that pure science does not have technological aims. 
Science’s goal is only to explain the natural world, whereas technology has specific goals 
(such as producing a faster computer, creating a vaccine for a deadly disease, or 
designing a more fuel efficient automobile) that may utilize scientific knowledge. In 
many cases, technological pursuits may help advance scientific explanations, or scientific 
explanations may further technology. Yet the creation of scientific knowledge would be 
misdirected and possibilities for discovery would be narrowed if specific technological 
aims were strived for. Technology is only possible because it can use the knowledge that 
science has created, comprised of innumerable rich explanations of the world. 
 Since science is a human and social endeavor, it combines evidence that is 
balanced as much as possible with the creative processes of the scientific community as 
its explanations are created (Lederman et al., 2002).  Nature, unfortunately, does not 
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simply tell us its rules. Instead, it just shows us the game as it is being played. It is 
science’s job to infer what the rules and explanations are, based on the events carried out 
on nature’s game board. Science also attempts to predict what nature will do under 
certain circumstances, though emphasis should be placed on scientific explanation over 
scientific prediction. In other words, one can predict that a rock will fall to the ground in 
a certain amount of time when dropped from a given height, but science is ultimately 
more interested in describing the mechanism that dictates the motion of the rock (Abd-El-
Khalick et al., 1998; Lederman, 1992).  Science’s explanatory role and the role of 
creation in science are more explicitly addressed in the following sub-concept.  Science is 
a way of knowing. Rather than providing absolute truth, science provides limited 
explanations based on empirical data. Science is only one way of understanding the 
world, though an incredibly useful one. The knowledge produced by science is limited by 
the processes that science can use (e.g., because science is based on empirical data, it 
cannot explain that which we do not have empirical data for). 
 Science’s way of knowing presumes that the world is understandable through the 
accumulation of evidence and is based on the assumption that there exist general, 
universal rules that can be extracted from such evidence. Although this is a powerful 
means of understanding the world, it is by no means the only one. Popper, a philosopher 
of science, went to great lengths to describe how science’s way of knowing was different 
from other ways of knowing (Popper, 1962).  This demarcation of science is particularly 
useful to science educators, since it is our job to describe what sets science apart (though 
not necessarily as a privileged separation) from other means of understanding the world. 
What Popper uses as demarcation criteria is the premise that scientific knowledge is 
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testable and falsifiable. That is, any claim in science must be open to the possibility of 
being shown false through the collection of data. So, if one claims, “All frogs are green,” 
this can be tested and found to be false via the discovery of a red frog. However, to say 
that God created the universe, although certainly a possibility from a wide array of 
viewpoints, is not a scientific claim; for, God him-/herself cannot be disproved. There is 
no such thing as a God-test. The power of science relies on the fact that it is based on 
evidence, whereas the power of religious and other beliefs relies on the fact that these 
beliefs are based on faith. Both ways of knowing can make the world understandable, yet 
via different means and with different purposes.  This also means that we must be willing 
to accept the new presence of certain data that reject or suggest modification to the 
explanations that we create. This suggests the following NOS sub-concept.  Scientific 
knowledge is tentative. Because scientific knowledge is always in a testable and 
falsifiable position, it can always be questioned, especially in light of new evidence. This 
aspect of science makes it dynamic and enduring. 
 The tentative nature of science is highlighted as a key issue by many researchers 
of science education (e.g., Lederman & O'Malley, 1990), is emphasized by science 
education standards (AAAS, 1993; National Research Council, 2000; National Science 
Teachers Association, 2000), and is also a major issue dealt with by philosophers of 
science, such as Popper (1962). Because all aspects of science are falsifiable, any one test 
can show that a scientific explanation is wrong. Science is not dogmatic or authoritarian, 
and what is “known” now in science can change as we consider more evidence. At the 
same time, scientific knowledge is not completely erased every time someone finds a 
case in which an explanation fails. Even though science is always subject to falsification, 
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scientific explanations tend to be long lasting, especially if they are useful. This is 
certainly the case of Newton’s law of gravitation, which is not as explanatory nor as 
accurate as Einstein’s theory of general relativity. However, NASA still uses the more 
simplified expression of Newton to launch satellites and send probes successfully to 
distant planets. 
 It might seem ironic that science knowledge is always tentative yet also durable. 
In fact, it is the tentative aspect which allows for durability (Lederman et al., 2002). 
Because scientific knowledge is always up for question, we can feel more confident in 
scientific knowledge that has withstood the tests of time. That is, knowing that the 
scientist’s role is to continually test explanations of science, one can have some 
confidence in applying Newton’s laws or the neutralization of acids and bases, since 
these have been tested so many times before. However, there is never a final test, making 
the practice of science durable as well. It might be said that the tentativeness of science’s 
knowledge always gives the scientist something to do and thus enhances job security. 
Science is never “finished.”  
Students’ Views of NOS. 
Despite almost a century of concern, research clearly shows most science students 
and science teachers do not adequately understand the nature of science. Typically, NOS 
refers to the epistemology of science:  Science as a way of knowing or the values and 
beliefs inherent to scientific knowledge and its development (Lederman & Niess, 1997).  
In his study of science teachers and their students, McComas (1996) found that most 
teachers and students possess the erroneous belief that all scientific investigations adhere 
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to an identical set and sequence of steps known as the scientific method and that theories 
are simply immature laws, and that theories will lead to laws.  
Students' misconceptions of the nature of science can certainly arise from 
misinformation from teachers of science, because they themselves do not understand 
what NOS entails. For reasons that are not clear, recent reform efforts have not 
emphasized staff development on the nature of science, perhaps because of questionable 
assumptions that teachers currently understand the nature of science, or that the current 
emphasis on teaching the processes of inquiry will lead by itself to better knowledge of 
science, or because it is not included as a major emphasis on tests (Lederman et al. 1998).   
  In 1990, Lederman & O’Malley investigated student’s views on the tentative 
nature of science knowledge, the sources of these views, and what experiences either 
produced or changed these views.  The data was gathered using a pre and post 
administration of an instrument composed of open ended questions with a follow-up 
interview.  One of the vitally important findings to emerge from this work was the use of 
follow-up interviews to allow participants to clarify their written responses.  Coding of 
the written survey responses produced student profiles that indicated naïve understanding 
of the tentativeness of science.  However, during the follow-up interviews, the 
researchers discovered that they had sometimes misinterpreted the student’s use of 
language in the written responses.  For example, if a student used the word “prove”, this 
was taken to refer to truth in an absolute sense and was coded as a naïve response.  
However, during the interview, the researchers discovered that the student’s use of the 
word “prove” did not convey a belief in absolute truth but rather indicated an informed 
view of the use of supporting evidence.   
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Khishfe and Abd-El-Khalick (2002) conducted a study in which the lead author 
taught science to two groups of 31 sixth-grade students. The study emphasized the 
tentative, empirical, inferential, and imaginative and creative nature of science. In this 
particular study the lead researcher was the classroom teacher.  Before the intervention, 
the majority of participants in both groups held naive views of the target NOS aspects. 
She used an explicit, reflective inquiry-oriented approach to teaching about NOS with 
one group and an implicit inquiry-oriented approach with the other. The intervention or 
explicit group was engaged in inquiry activities followed by reflective discussions of the 
target NOS aspects. An open-ended questionnaire in conjunction with semi-structured 
interviews was used to assess participants’ NOS views before and at the conclusion of the 
intervention.  The researchers found that students in the explicit group achieved 
substantially more improved views of most of the target NOS aspects compared with 
those in the implicit group.  
 In recent studies of high school students, Schwartz et al. (2000) and Lederman et al. 
(2002) arrived at similar conclusions about teaching science inquiry through investigation 
activities and reflective discussions as help for understanding the nature of science.  
Schwartz et al. used the VNOS-HS and VOSI instrument on four sections of ninth grade 
science to assess students’ views of NOS and science inquiry (2000).  The first result from 
the study showed that inquiry explicit instruction, reflection, and proper science activities 
that connected NOS to science topics need to be incorporated to increase student 
knowledge in order to teach nature of science with success (2000).   Second, Schwartz et 
al., (2000) in measuring the ninth grade student’s views with the VNOS instrument found 
that most of the student’s tended to have many naïve views.   In essence, for students to 
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conceptualize science content better, science taught through inquiry will allow students to 
show positive results in science.   
 When students are learning science, images of science provide reference points 
which enable the student to act within a scientific environment. Students will draw on these 
images in talking about the nature of science and in deciding on appropriate courses of 
action during scientific inquiry (Lederman et al., 2002). Ryder et al. (1999) conducted a 
study about the nature of science held by a small sample of science students in their final 
year at the university. In their longitudinal interview study, 11 students who were working 
on final-year undergraduate projects with a professor were asked questions about the nature 
of science during the time they were involved in project work. Statements about the nature 
of science were characterized and coded using a framework drawing on aspects of NOS 
(Ryder et al., 1999).  Over the 5-9 month study, the two frameworks developed in the 
Ryder et al. (1999) study were the nature of scientific inquiry and science as a social 
activity.  Many of the students in the study showed significant development in their 
understanding within a discipline of how theoretical developments influence the lines of 
scientific inquiry.   
Teachers’ Views of NOS. 
 Two assumptions appear to dominate policy and research studies related to 
teacher conceptions of the nature of science: that students’ conception are directly related 
to the teacher’s conceptions, and that teacher’s conceptions necessarily influence 
classroom practice (Lederman, 1992). However, as Lederman (1992) concludes in his 
study, research does not clearly identify a relationship between the teacher's 
understandings and desire to teach the nature of science and his or her practices in the 
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classroom. Many complex and sometimes competing factors such as time constraints, 
curriculum constraints, teachers' intentions, and teachers' beliefs about students influence 
teacher’s behavior. To be effective in teaching the nature of science, teachers must 
believe that such instruction is both important and understandable, and then design 
instruction deliberately to achieve that goal (Lederman, 1992). The various assumptions 
and values inherent in scientific knowledge need to be explained if students are to 
develop adequate understandings of the nature of science from their science teachers 
(Lederman et al., 2002).  
Other science education researchers like Wang (2001), noted that teachers need 
examples of how views of NOS can be translated into explicit classroom instruction to 
improve students’ NOS views.  In other words, they needed NOS pedagogical content 
knowledge.  In a study of 10 elementary teachers in an in-service program that included 
workshops on NOS, classroom visitations indicated few teachers incorporated NOS into 
their curriculum because of their NOS conceptions (Wang, 2001). Other teachers in the 
study maintained their naive NOS views even though they claimed to have gained a 
better understanding of teaching about NOS.  Yet these teachers still were not able to 
address elements of NOS explicitly in their teaching. One reason noted for the failure of 
the intervention was the lack of proper examples of translating specific aspects of NOS 
into explicit instructional practices (Wang, 2001). 
 Westerlund, Garcia, Koke, & Mason (2002) performed an in-depth analysis of 
research experience by teachers.  The experimenters wanted to learn how such experience 
by teachers would influence them to teach more nature of science and inquiry in their 
classroom.  In the phenomenological study there were 23 teacher participants that 
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participated in authentic research during the semester.  After the semester was over the 
teachers returned to their classrooms, and the researchers found out that the teachers were 
more willing to increase their content knowledge, developed more enthusiasm for 
teaching, and expanded their participation in scientific dialogue (Westerlund et al., 2002). 
Also, Westerlund et al. found that the students benefited greatly from the teachers 
because there were more scientific dialogue, and activities that were pertinent to the 
subject (2002).  
How Learners’ Views of the Nature of Science are Assessed 
 For the past five decades assessing learners’ views of NOS has presented a 
challenge to many science education researchers who have been trying to develop a 
science curriculum enriched in inquiry.  In the early 1950’s the objectives was to place 
emphasis only on developing understanding of how scientific knowledge was obtained, 
so researchers used different standardized paper and pencil tests to assess how students 
learn the nature of science (Lederman et al. 2002).  Many of these tests were in the 
multiple-choice style, which over time has shown to be an invalid way of assessing how 
much understanding the student has gained.  Lederman and O’Malley found problems 
with these types of test in that the way the questions were interpreted by the students was 
not what the test writer intended (1990).  Also, these tests were biased by the writer’s 
views of NOS, and the answers did not include any further clarification by the 
respondents (Lederman & O’Malley, 1990).  Early science education researchers who 
developed these tests did not get a clear picture of the learners’ views of NOS. 
 Over the years many different tests were developed to assess students’ and 
teachers’ knowledge about the nature of science.  Lederman (1992) notes these tests 
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included the Science Attitude Questionnaire by Wilson in the early 1950’s; the Test of 
Understanding Science (TOUS) by Klopfer and Cooley, around the early 1960’s; the 
Nature of Science Scales (NOSS) by Kimball in the late 1960’s; the Wisconsin Inventory 
of Science Processes (WISP), developed by the Scientific Literacy Center also in the late 
1960’s, and many others around the United States.  Even since Lederman’s (1992) review 
of the research literature, there have been many new tests being used to assess student’s 
views about the nature of science, and probably many more will be developed as this 
research is being conducted.  
 Throughout its history, research on NOS conceptions has focused on the 
conceptions of students as they currently exist, or how they are affected by some variable 
in the way the learner constructs their knowledge (Lederman et al., 2002). That is, 
although these researchers see the student’s creation of his or her own conceptual system 
to be fundamental to understanding, this development is still shown as dependent upon 
some outside, isolated variable, such as teacher background knowledge or teacher’s 
language usage (Lederman & Zeidler, 1987). 
 For the most part, student conceptions that are probed still show misconception 
about NOS even when the curriculum changes may or may not have been made 
(Lederman & Zeidler, 1987). This is not to suggest that previous research aims have been 
short-sighted or unworthy of consideration. On the contrary, the previous work that has 
shown broad-ranging misconceptions about NOS has been essential to helping us 
recognize current problems with current science curricula and the possible solutions to 
such inadequacies (Lederman, 1992). Still, previous work in the area of NOS conceptions 
has largely left untouched the question of how the individual forms and changes such 
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conceptions in physics; likewise, researchers interested in the individual learner’s NOS 
conceptual change when learning a unit about waves in physics have largely left 
untouched. 
 Fortunately, previous NOS research provides a broad and solid foundation, 
especially in regards to what instructional methods best affect appropriate NOS 
understandings. Perhaps, as Lederman and Niess (1997) point out, one important thing is 
that even though some might want to argue that the traditional content-based curriculum 
(i.e., teaching about scientific knowledge rather than focusing on the nature of science) 
should implicitly reflect the NOS and in turn allow learners to conceptualize an 
understanding of NOS, educational research shows that this is not the case. Instead, it has 
been shown repeatedly (Abd-El-Khalick & Lederman, 1998; Lederman & O’Malley, 
1992; Lederman & Niess, 1990; Lederman 1997; Lederman et al., 2002) that NOS 
concepts are most effectively understood when they are taught explicitly. Explicit 
instruction means that the curriculum is deliberately designed to address the NOS through 
discussions, activities, and assignments. This is in contrast to an implicit addressing of 
the NOS, in which an instructor does not deliberately include such topics in the 
curriculum, assuming that such topics become understood as a student gains more 
experience in doing science and understanding science content.  According to Chi (1992) 
students wouldn’t have been able to make schemas between the topics.  
 Also important to the nature of NOS instruction, with some degree of 
effectiveness, is reflective activity involved in the curriculum. Such activity would 
include written and oral discussions regarding the NOS (Akerson et al., 2000). Akerson 
compared the resulting conceptions of learners who had participated in explicit NOS 
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instruction to those who participated in reflective activities in addition to the explicit 
NOS instruction. While the learners participating in reflective activities did have 
conceptions of the NOS that were closer to those desired than the learners who did not 
participate in such activities, even the reflective learners still had less than adequate NOS 
conceptions (Akerson et al., 2000). The researchers suggest that part of the problem may 
be that learners seldom face and contend with their own misconceptions when dealing 
with the NOS. That is, learners are not placed in situations in which they are forced to 
challenge their own views, producing cognitive dissonance.  
 The recommendation of including a reflective component to testing the nature of 
science views was tested by Akerson et al. (2000).  In the study Akerson et al. (2000) 
used an experimental design where two groups of pre-service teachers received inquiry 
based, and explicit instruction on the nature of science during the first week of an 
elementary science methods course.  During the course of science teaching the 
experimental group received structured opportunities to reflect on specific aspects of the 
nature of science while the control group did not.  At the end of the course, Akerson et al. 
(2000) concluded that the experimental group was found to have made substantial gains 
in their views of the nature of science when compared to the control group.   
Research on VNOS Instrument. 
 In ascertaining students’ views about the nature of science when learning 
conceptual physics, this research project used a questionnaire about students’ views on 
the nature of science (or VNOS).  The questionnaire was developed by Lederman et al. 
(2002) and is based on the seven tenets that characterize NOS.  These tenets are 
empirical, social and cultural NOS, difference between theory and law, inferential NOS, 
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creative NOS, theory-laden NOS, and tentativeness of science (Lederman et al. 2002). 
These seven aspects were used by Lederman and his colleagues to develop open-ended 
questions instead of multiple choice tests.  By developing such a test, Lederman et al. 
(2002) gave respondents a chance to explain their answers to various questions without 
being confined to a rigid answer.  Also, to avoid misinterpretation of the answers, the 
researcher can further probe the subjects’ answers to the NOS questions with a follow up 
guided interview.   During the interview the respondents look over their answers to the 
VNOS instrument, and the researcher could ask further questions to clarify what is 
written.  When using these types of open-ended questions from VNOS and guided 
interviews, researchers avoid some issues of validity that were present in other previous 
instruments used to study students’ understanding of science. 
 Lederman and his colleagues were among the pioneers of the VNOS instrument, 
and they developed three versions-VNOS-A, VNOS-B, and VNOS-C.  These three 
instruments were based on other research that used open-ended instruments (Driver, 
Leach, Millar, &Scott, 1996).  Lederman and O’Malley (1990) used open-ended 
questions to form VNOS-A, which was used mainly to assess student’s views about 
NOS.  Abd-El-Khalick et al. (1998) revised the VNOS-A and changed certain question to 
make it appropriate for pre-service secondary science teachers, and this was labeled 
VNOS-B.  Also Abd-El-Khalick and his colleagues further revised VNOS-B to add more 
questions to assess NOS of undergraduate and graduate pre-service science teachers 
(1998).  Modifications to the VNOS are still being made by current researchers to fit 
specific studies assessing NOS. 
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 One of the subsets of nature of science is performing scientific inquiry, a claim 
made by Schwartz et al.(2000) who later developed views on a science inquiry (or VOSI) 
questionnaire that was similar to VNOS.  The VOSI questionnaire, which was validated 
by other science educators, was developed to assess high school students’ views about 
science inquiry (SI) and it targets: (1) scientific investigation; (2) consistency that exists 
between evidence and conclusion; (3) multiple valid ways to interpret data; (4) difference 
between data and evidence; (5) looking for patterns to make a logical explanation about 
the data (Schwartz et al., 2000). 
Physics Research and NOS 
Most of the NOS research in the previous section of literature review was done in 
biological and chemical science.  In this section, I describe two major branches of the 
research on physics learning, with an emphasis on the relevance of each to understanding 
NOS. First, I discuss prior research on physics content in science education. This body of 
work is clearly relevant to my analysis because it involves studying individuals working 
with physics equations and understanding the concepts. Then briefly I discuss research on 
naïve physics knowledge, the knowledge of the physical world that individuals gain prior 
to formal instruction. This research is relevant because ultimately naive physics 
knowledge provides part of the conceptual basis in terms of which the nature of science is 
understood. 
Many students perceive physics to be one of the difficult subjects, so it tends to be 
left for students who are superior in math and science.  In a study of physics students, 
McDermott (1984) found that as the semester progresses, many of the students enrolled 
in the physics class simply do not understand the concepts or they begin to have a 
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difficult time with problems that require performing the proper operations to unravel a 
problem (1984).  Many of the difficulties encountered by the student are due in part to the 
abstract and quantitative nature of the instructional material presented in both the physics 
lecture and laboratory (McDermott, 1984).  Many of the students begin to suffer in the 
class because very little of the conceptual material associated with physics ideas and 
experiments are reinforced during the discussions. So, physics teachers begin to make 
math problem solving a top priority in teaching physics and ignore the conceptual aspects 
of the class (McDermott, 1984).     
 When students are learning physics in a traditional manner, they are taught to read 
the chapter, do the problems, perform the experiment, and then be tested on the material.  
Students sometimes are given short answer questions to respond to during the class, and 
all they end up doing is paraphrasing or copying answers from the book without much 
thought given to understanding the concepts (McDermott 1984).  Novak and Gowin in 
their studies observed that: 
Often students enter into a laboratory, studio, or field setting wondering 
what they are supposed to do or see; and their confusion is so great that 
they may not get as far as asking what regularities in events or objects they 
are to observe, or what relationship between concepts are significant. As a 
result they proceed blindly to make records, manipulate apparatus, or 
make constructions with little purpose and little subsequent enrichment of 
their understanding of the relationships they are observing and 
manipulating. (pp. 47-48) 
How students enter a laboratory and why they have difficulty in understanding 
what needs to be done to grasp the concepts is a central point of this review.  So, there is 
the existence of a sizable gap where little research has been done on understanding 
physics and its influence on nature of science.  Although research in physics content has 
made substantial progress in modeling the problem solving process and conceptual 
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change, it has missed some fundamental influence on NOS. In contrast, research on 
physics teachers, found in physics education research (PER) journals such as The Physics 
Teacher or American Journal of Physics has emphasized qualitative types of 
understanding dealing with conceptual understanding and problem solving but has not 
told us how this conceptual understanding relates to nature of science.  PER tends to 
emphasize description of how to improve ways teachers teach physics and increase the 
development of students’ understanding of concepts like momentum, force, or electricity 
(Redish, 2004). Thus, one purpose of this research project will be to bridge the gap 
between these two areas of research because developing strong legitimate physics 
curriculum is of great concern to physics educators (McDermott, 1984).  
Like the early research into physics problem solving, researchers came to realize 
that students enter physics instruction with quite a lot of knowledge about the physical 
world, and this knowledge has a strong impact on their learning of formal physics. The 
study of this prior knowledge in PER—often called intuitive physics or naïve physics 
knowledge—has become a challenge of its own to researchers. Since the initiation of 
naïve physics research, a substantial body of research has accumulated, working from a 
variety of perspectives.  This research includes straightforward listings of difficulties and 
misconceptions (Clement, 1987; McDermott, 1984) and attempts to argue that students 
possess their own theories of physics (McCloskey, 1983).  Also the research into physics 
cognition attempts to break naïve physics knowledge down into smaller constituents of 
understanding (diSessa, 1993). 
It is not immediately obvious that naïve physics research can help with the 
program to describe how physics concepts are understood. In general, the majority of the 
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research into naïve physics focuses on how students understand the physical world prior 
to instruction as well as on what parts of this qualitative naive understanding remains 
after instruction (diSessa, 1993).  Little research has elucidated the manner in which 
naïve physics or other conceptual knowledge is employed when understanding the nature 
of science.  
In many traditional pre-service sciences teacher programs, physics concepts seem 
to be of secondary importance to students because physics is too abstract for them so 
many do not see the influence physics has on NOS.  Thus, these two major programs of 
research—nature of science and physics concepts—have remained largely disjointed. In 
contrast, this study will attempt to show fundamental connection that naive physics views 
are an important part of the conceptual basis in terms of how the nature of science is 
understood.  
To address my research problem of how the four pre-service science teachers’ 
views change about the nature of science in physics, I will investigate the use of student 
constructed concept maps and the effects of these maps have on students’ conceptual 
understanding of nature of science in physics.  Pankratius, 1987, states that when students 
begin to create concept maps their ideas begin to be organized, they become easily 
accessible for referencing, and increasing the maps increases students’ knowledge base. 
Concept Maps 
Conceptual Change Representation Research 
 When the learner is making a connection of the concepts, as stated earlier, they 
begin to construct new knowledge.  How this knowledge is represented is also discussed 
in this section. Ausubel, Novak, and Hanesian’s (1978), theory of learning is based on the 
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supposition that human thinking involves thoughtful concepts as well as the relationships 
among them.  According to Barenholz and Tamir (1992) an important distinction in 
Ausubel’s theory is “between rote and meaningful learning.  When learning 
meaningfully, the learner links new, specialized concepts to more generalized concepts, 
which form the learner’s cognitive structure” ( p. 37).  According to Novak’s 
understanding of Ausubel theory “meaningful learning is a process in which new 
information is related to an existing relevant aspect of an individual’s knowledge 
structure” (1998, p.51).  Also Novak (1998) believed that students should not have more 
emphasis on discovery learning all the time, but more emphasis on what they have 
learned before.  Concept maps give the students a way of continually understanding what 
they have learned by using relationships.  Barenholz and Tamir further explain the idea of 
Novak suggesting, “concept accompanied by propositions describing logical connections 
among them, are fundamental components of the cognitive structure” (1992, p.37).  
Pankratius describes that a “pattern for teaching problem solving was to find out what 
knowledge was necessary, then to teach that knowledge in such a manner that it was 
coherent” (1987, p.18). 
Concept mapping started as a way for improving meaningful learning, curriculum 
planning, instruction and evaluation by a researcher named Joseph Novak (Barenholz & 
Tamir, 1992).  The idea behind Novak’s concept mapping would involve the 
identification of concepts in a specific topic, and then organizing the ideas from the most 
to least general (Novak and Gowin,1984).  Novak’s idea about the usage of concept maps 
was to represent the changes in the students’ science knowledge over time during their 
course material (Pendley, Bretz, & Novak, 1994).  So Novak’s concept mapping is not 
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similar to outlining because a good concept map would “show key concepts and 
propositions in very explicit and concise language. Outlines usually intermix instructional 
examples, concepts, and propositions in a matrix that may be hierarchical, but fail to 
show the super ordinate-subordinate relationship between key concepts and propositions” 
(1994, p.78). 
 For students to understand a concept they must first create some type of 
framework in their mind about what they are learning.  Fisher and Kibby (1992) study 
shows that there is such thing as a framework of concept by students. Fisher and her 
colleague suggest that depending on student understanding of a concept, science 
phenomena are used by different people in a variety of contexts with some degree of 
consistency that allow for the support of the existence of framework (1992).  They 
believe these frameworks are useful to students because they provide tools for analyzing 
concepts, organizing them, and then use them for further discussions.  This is similar to 
Chi’s (1992) schema development because it makes the students develop connections 
between the concepts.   
These concept frameworks do not just appear to student thought and help them 
understand science completely, but rather the student must choose to initiate the learning 
experience.  As Pendley, Bretz, and Novak point out “ to develop well-organized 
conceptual frameworks requires a commitment on the part of the student to choose to 
learn meaningfully rather than by rote” (1994, p.9).  Also the learner must seek out the 
linkage between relevant knowledge they already know and the new topics being taught 
to them (Pendley et al., 1994). 
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Many researchers have tried to comprehend how students understand, internalize, 
and process science concepts in order to allow students to increase problem-solving skills 
in many different classes.  Pankratius describes how Finkel in 1983 applied information 
processing, heuristics, and standard methods of teaching problem solving to 113 physics 
students (1987).  In the three processes there was no significant difference among the 
three treatments in having the students understand the concepts in physics. Pankratius 
also reported another study by Greeno that advised, “problem solving is based on 
knowledge, and students are able to make connections between solving the problem and 
the concept” (1987, p 17).    
According to Novak, 1998, the strength of the graphic organizer, like the concept 
maps, is the hierarchies that are dependent on propositions which “are two or more 
concepts labels linked by words in semantic unit.  In its simplest form, a concept map 
would be just two concepts connected by linking word to form a proposition” (p.15).  
This type of graphic organizer is not just words that are written on a paper to make sense, 
but a “schematic device for representing a set of concept meanings embedded in a 
framework of propositions” (Novak, p. 15).   So concept maps can become a powerful 
tool for giving instructions, learning by a student, and they can also actively involve the 
learner in forming a coherent knowledge base (Pankratius, 1987).  These organizers “as 
claimed by Novak (1990), have the potential of helping learners reconceptualize their 
subject matter knowledge as a conceptually rich tapestry of interrelated ideas and make 
science conceptually transparent” (as cited by Okebukola, 1992, p.162).  
The concept map is a tool that has the potential of representing the main concepts 
and the relationships within a domain. Boxtel, Linden, Roelofs and Erkens describe the 
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concept map as a “network in which the nodes represent concepts, the lines linking the 
nodes represents relationships, and the labels on the lines represent the nature of the 
relationships” (2002, p.41).  Other concept map designers, like Fisher and Kibey, give 
different terms for parts of the map such as “graph structures, or conceptual graphs, 
consist of nodes that are linked by labeled, directional arcs” (1992, p.208).  Fisher and 
Kibbey describe a concept as a concrete or discrete entity, and the node as a state or a 
desired event (1992).  Regardless of whether concept map tasks can be developed into 
useful assessment methodologies to supplement traditional exams, they have shown great 
promise as pedagogic tools (Cliburn, 1990) and research instruments (Nakhleh, 1994; 
Trowbridge and Wandersee, 1996). 
Whether or not students are capable of drawing a concept map that accurately 
describes their actual knowledge structure is open to significant doubt. One likely reason 
why the answer might be negative is that drawing a concept map is a time-consuming and 
attention-intensive activity, and a student is unlikely to be able to draw a map of any 
completeness for more than a very small set of concepts. In an attempt to probe students’ 
domain knowledge more thoroughly, and to capture information about the relative 
strengths of inter-concept links as well as the presence or absence of such links, inferred 
approaches to declarative knowledge assessment have been developed. Inferred 
approaches typically follow a three-step paradigm (Goldsmith, Johnson et al., 1991): 
1. Elicit raw data on knowledge structure via some kind of association-probing  
task; 
2. Re-represent that data to reveal the underlying organization imposed by the  
student; 
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3. Evaluate this representation according to the assessment’s objectives. 
A good feature of concept mapping is that it allows a student to represent text 
material in a graphically constructed method.   According to Guastello, Beasley, and 
Sinatra (2000) these graphic plans can serve the students’ mental ability in understanding 
concepts, by forming a schema in their mind, and placing the science topic in proper 
order.  Bos and Anders conclude that concept mapping allows for “mapping ideas onto 
maps designed to model text structure patterns, teachers help students visualize 
relationships and learn text structures” (as cited by Guastello et al, 2000, p. 357).   
Concept mapping has also been proved to be very helpful in learning science 
concepts by many different grade levels.  These maps have the capabilities of providing 
students with “means to learn the language patterns of science and construct scientific 
knowledge” (Elhelou, 1997, p.311).  Prater and Terry with extensive research concluded 
that concept mapping enhanced the understanding of factual and informative text but it 
did not have any effect on written comprehension (as cited by Elhelou, 1997). 
As concept maps have evolved over the years, research have tried to prove that 
these diagrams have the ability to help students perform better on tests, and achieve a 
high conceptual change in the long run. Fisher, Wandersee, and Moody (2000) have 
researched extensively to figure out that these concept maps do help students achieve 
some level of comprehension. According to Fisher et al., concept mapping has many 
advantages: 
First, mapping provides sustained support for time on task in thinking 
about a topic. Second, if mapping is done collaboratively, it can lead to 
extended discussions about the meanings of concepts and the relations 
between them. Third, the act of creating an organized structure of ideas on 
paper or in a computer necessitates and often prompts the creation of such 
a knowledge structure in the mind. Fourth, knowledge mapping prompts 
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students to take implicit, often fuzzy, associations and make them into 
explicit and precise linkages, processes that is at the heart of meaning-
making. (p. 8) 
These advantages should begin to help student’s overall conceptual change as they 
divulge deeply into the physics concepts. 
 Another strong feature of concept mapping according to Rice, Ryan and Samson 
is the ease with which a student can create them individually or in a group without 
wasting too much class time (1998).  This is a great feature because it makes concept 
mapping “feasible in the typical classroom setting or n large-scale assessment projects” 
(Rice et al, 1998, p.1106).  
Research by Hawk in 1986 investigated the effects of graphic organizers on 390 
students in middle school, and discovered that there is “statistically significant main 
effect in favor of students who received instructions using graphic organizers” (as cited 
by Pankratius, 1987, p.23).  So many researchers were arriving at the same conclusion 
that by increasing organizational higher level ordered thinking it would become less 
challenging for the student to learn the material better.   
 Other researchers tried to answer the question whether concept mapping help 
students become better problem solvers by comparing many different ideas about the 
usage and organization of concept maps.   Okebukola designed a study using 40 students 
as subjects and 20 as control group, and this research addressed many questions that are 
relevant such as concept mapping between boys and girls, and cooperative versus 
individual concept mapping and learning (1992).  The Okebukola study allowed for the 
discovery that students who used concept maps to learn their subject became more 
decisive in choosing a way to solve a problem because they showed greater attention to 
direction (1992).  
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Assessing Concept Maps for Conceptual Change 
 When the concept maps have been collected the evaluation part would follow 
before statistical analysis could be formed.  There have been several methods of 
quantitative analysis for concept map designed by Novak and other researchers.  The 
original method according to Austin and Shore was created by Novak using concept 
maps from biology students and assessed them based on “the Hierarchical arrangement of 
the concepts” (1995, p.42).   Austin and shore (1995) also claim “Conin et al. (1982) also 
developed a scheme based on the patterns of the linkages but did not attempt to relate the 
scoring mechanism to a meaningful evaluation of understanding” (p. 42).   
Austin makes the claim there has not been a good way of concept map assessment 
but in her study of assessment on physics she uses revised and new quantitative 
measures.  One such measure is the linkage, which is the total number of links and Novak 
(1995) refers to them as the number of relationships.  This linkage does have a 
disadvantage because it does not take into account the “validity of the labels on the links” 
(Austin & Shore, 1995, p.43).  To increase, as Austin points out the validity of the maps, 
it is best to code them so the quality of the links could be taken into account. Therefore a 
three point scale where a good connection was awarded three points, plausible a “two”, 
and lousy link a “one”.  To improve on the reliability of the coding two people would 
have to grade the maps and a consensus would be reached, and the final score would be 
the sum of the weighted values of the links (Austin & Shore, 1995).  Others developed 
different methods of scoring the concept maps. 
Researchers like Rice et al. (1998) used a different way of scoring the concept 
maps because they created a rubric that would link concept map scores to achievement in 
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a science class.  Their idea for assigning a value to the map reflected “the degree to which 
students mastered expected learning outcomes” (Rice et al., 1998, p.1111).  They 
designed a pre and post test for the 113 seventh grade students in science class.  The 
student would create concept maps of the concepts learned in the class and then take a 
post test. After all the data were collected, Rice et al. found high significance between 
students that created the concept maps and higher test scores versus the students that did 
not use concept maps (2002).   
The Rice et al. study did show a great reliability for concept map assessment and 
learning, so others, like Rye and Rubba, began to develop similar methods to assess the 
concept maps (1998).  The scoring rubric for a concept map should sometimes be 
designed before any data analysis could be taken so as to minimize bias by the researcher 
(Rye & Rubba, 2002).  Their rubric considered only concepts and relationships as the 
only two components to test for the concept map because this had been done successfully 
many times by Novak, Gowin, and others (Rye & Rubba, 2002).  The scoring key and 
numerical scores employed, according to Novak and Gowin, “to score the concept maps, 
are somewhat arbitrary and subjective” (as cited by Rye, 2002, p. 38).  The rubric used by 
Rye et al. was set up to count up to 127 concept, and then they were assigned a value of 
3, 2, or1 point(s) by two different independent graders, similar to what Austin used in her 
study.  Rye found that there is a great significance the concept maps are great predictors 
of a student developing a strong structural knowledge of the content the more the maps 
are used.  
 Learning is a complex cognitive process that occurs in all of us, but achieving 
meaningful learning takes comprehensive organizational skills, so there could be 
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practical implications for using concept maps in the classroom.  Higher levels of learning 
begin when the student starts to understand the connection between different concepts, 
and some teachers are hesitant to assign students to much comprehensive material.  Also, 
educators seem to face the possibility of only assessing students with multiple choice 
tests, short answers, essays but this limits higher organizational skills and meaningful 
learning by the students.  As Parkes, Zimmaro, Zappe, and Suen describe “concept maps 
seem able to minimize context specificity of tasks and help the student focus on the 
underlying conceptual framework” (2000, p. 372).  Concept maps allow the students the 
freedom to organize their thoughts and ideas into structured conceptual information that 
helps in achieving a high order thinking, better retention, and greater conceptual change. 
Summary 
 In this study I am proposing that a symbiosis can exist in the conceptual physics 
class between the two educational research topics of conceptual change theory and the 
nature of science.  I will use conceptual change theory as a guiding framework to 
understand how pre-service and in-service science teachers’ views about NOS evolve as 
they learn the physics of waves.  The conceptual change researchers are versed in using 
in-depth, qualitative measures of learner conceptions; this approach seems to be just the 
thing that NOS research is looking for.  
 The field of physics is one of the few places where the understanding of the 
student’s reasoning of physics and its connection to NOS has not been researched 
thoroughly.  This research will seek to establish if there is an influence of explicit physics 
instruction on the participants and their epistemological views about the nature of 
science.  To answer the question about NOS, it will be necessary to understand their 
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current and progressive views about the nature of science, and what type of learning 
experience influence their views of NOS. 
This study should help teachers get a better grasp of physics through 
experimentation and add to the research literature for using pre-service science teachers’ 
physics content knowledge and physics experiments in a course and their influence on 
understanding NOS.  From reviewing the literature I have found few studies that relate 
the influence of physics content knowledge, particularly waves, on the understanding of 
NOS by pre-service science teachers.  This research is aimed toward promoting pre-
service science teachers’ epistemological understanding of science, especially physics.  
From a practical standpoint, this research will provide insight into one method of 
developing a content-based science unit and the effectiveness of this method in teaching 
certain aspects of the nature of science.  
 Conceptual change theory also shifts the focus of research so that one considers 
more thoroughly the intricacies of a learner’s conceptual structure.  Also, performing this 
study in one single unit of physics, instead of on all the seven units taught throughout the 
semester, will allow me to go in-depth and focus on the in-betweens about the evolution 
of NOS views by the participants. 
 Many science teachers find the nature of science a difficult concept to understand 
and convey.  Science education researchers should be considering the details by which 
NOS education either alters one’s conceptual framework or fails to do so. Simply 
characterizing a concept, or a participant, as “naive” may not do much in terms of 
rectifying the situation of how teachers understand NOS, but being able to describe the 
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process of how their conception of NOS evolves within a conceptual framework could 
further inform our curricula, teaching methods, and approaches towards learning. 
 The ultimate goal of this study is to continue to uncover what is going on inside 
the mind of science teachers when it comes to understanding the nature of science.  
Conceptual change literature cited earlier in this chapter described concepts as possibly 
being sorted into categories, organized as theories, or existing as scattered pieces. These 
concepts most closely correspond to the conceptual change, process but whether or not 
researchers can determine a learner’s conceptual framework is still a daunting task.  I am 
hopeful that this study will fit into both categories of conceptual change and NOS 
research to benefit the teachers.
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METHODOLOGY 
 
Introduction 
 This research project used qualitative methods to study conceptual change in four 
science teachers’ views of nature of science and scientific inquiry when learning a 
physics unit on waves.  The premise of this study was that conceptual change theory can 
be applied to NOS conceptions in order to further advance our understanding of how 
NOS conceptions develop and evolve.  Data on student conceptions were collected and 
analyzed for development in the hopes that more about the conceptual change process 
could be characterized.  
Understanding student conceptions is a difficult task. In this case we face a 
particularly arduous problem, because the nature of science (or NOS) is such a nebulous 
set of concepts. It becomes clear that developing methods for gaining an in-depth 
understanding of NOS is as important and difficult as the understanding itself.  In gaining 
knowledge about NOS, science teachers will have a tool to help students comprehend the 
purpose of learning science.  
 As shown in the previous chapter, the research on NOS has been done so far has 
largely focused on the learners’ conceptions before and after some intervention, such as a 
particular science course or project (Lederman, 1992). Such research has helped us to see 
what kinds of interventions are most likely to help students in understanding the 
complexities of science. This research focuses on two questions; what are the pre-service 
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science teachers’ understanding about the nature of science and what type of conceptual 
change occurs about their views of NOS when learning in the physics of wave unit?  This 
study should lead to a better understanding of what promotes the development of NOS 
views in students.  
Preliminary Study 
 During the summer of 2003, I conducted a NOS research project for science 
teachers.  This project included administering the Views on Nature of Science (or VNOS) 
instrument to probe participants’ understanding pertaining to NOS.  As a graduate 
research assistant for a science education class, I was given permission to administer the 
VNOS to the volunteering students.   From the group of students only eight students 
volunteered to participate in the study.  Once they answered the VNOS questionnaire, I 
analyzed their answers for patterns of understanding NOS.  Extensive interviews were 
performed regarding their answers and any other information they wanted to incorporate 
after the analysis of the VNOS.   
 The preliminary study focused on eight students and used structured interviews to 
gain an understanding of their NOS views.  The preliminary study allowed me to use 
methods of qualitative inquiry on the sample population under the supervision of a 
tenured faculty expert in this type of research.  Results from the structured interviews and 
reflective writings regarding VNOS were analyzed during the study.  The limited data 
indicated that the majority of the participants had a naïve view of NOS during the short 
time they learned about the nature of science in the classroom.  The views depicted by the 
study allowed me to further research about nature of science and this started my thinking 
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into how to better capture what the learners knew about NOS and how those views 
changed when learning a specific topic in a science class.   
The preliminary study gave me an appreciation of the complexity of the topic and 
an opportunity to gain research experience in planning and executing a study on the 
nature of science.  It also allowed me to practice the skills of properly collecting, 
transcribing, and coding the data.  Doing such a study gave me an opportunity to develop 
my two sample questions:  What are the pre-service science teacher views about the 
nature of science and how do these views develop when learning science content?  
Qualitative Case Study 
In a review of educational research methods, Hoepfl (1997) suggested that 
educators should engage in research that probes for deeper understanding rather than 
examining surface features.  She posits that qualitative methodologies are powerful tools 
for enhancing our understanding of teaching and learning, and that they have gained 
increasing acceptance in recent years.  This study about the pre-service science teacher 
was conducted in the context of the unit on waves in the college physics class and probe 
deeper into understanding of pre-service science teachers views regarding NOS.   
This current study was defined as a qualitative case study.  According to Merriam 
(1998), case studies are different from other types of qualitative research because they 
use intensive description to analyze programs, events, groups, interventions, communities 
or individuals.  Also, according to Lincoln and Guba (1985) the purpose of a qualitative 
study is to “accumulate sufficient knowledge to lead to understanding” (p. 227).  Lincoln 
and Guba further recommended the use of an emergent research design, in which data 
collection and data analysis are simultaneous and ongoing activities that allow for 
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important understandings to be discovered along the way and then pursued in additional 
data collection.  Merriam also points to three special features of case studies (1998):  
Particularistic, descriptive, and heuristic. 
 Particularistic means that the case studies focus on a particular event, program, or 
phenomenon.  The case itself is important for what it reveals about the phenomenon and 
for what it might represent.  By concentrating on a single phenomenon or entity (the 
case), Merriam (1998) points out that researchers uncover the interaction of specific 
factors that are characteristic of the phenomenon.  Also, Yin (1994) points out that 
generalizing result from a study could be made to the theory, and such case study will 
increase the confidence and the robustness of the theory being explored.  In this case 
study, each pre-service science teacher’s NOS understanding was demonstrated through 
labs, discussions, and reflection through the use of concept maps. 
 The term descriptive in case studies, means the end product is a rich, thick 
description of the phenomenon under study.  The description is usually qualitative--that 
is, instead of reporting information in numerical form, case studies use prose to describe 
and analyze situations.  The qualitative approach to inquiry used in this study means that 
the nature and extent of the four participants’ views about the nature of science was 
explored in depth and described in detail.   
 This case study is a heuristic because it illuminates the understanding of the 
phenomenon for the study.  According to Merriam (1998), case studies can bring 
knowledge of new meaning, expand the reader’s experience, or acknowledge what is 
known.   In case studies, there are usually previously unknown relationships and 
variables that are expected to emerge during the study which will require rethinking the 
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phenomenon under study (Merriam, 1998).  This study will provide the opportunity for 
heuristic learning regarding conceptual change of NOS, and contribute to a broader 
conceptualization and understanding of the development of NOS in pre-service science 
teachers.  
Given the nature of the research questions, in-depth case studies were in order. 
The data for these case studies were produced using multiple qualitative question probes 
of the four participants and are described below.  These probes were primarily based on a 
variety of interview techniques, and many have been documented in the previous chapter 
and its reviewed literature.  Besides the preliminary instruments described above, each 
case study learner participated in creating a concept map and an interview sessions.  In 
addition, each participant completed a post written instrument that mirrored the 
preliminary instruments.  
Role of the Researcher 
 In this research project, I considered the conceptual change of individual learners, 
so my role was as a participating researcher.  This section documents the roles and 
relationships that played out in this research. I continued to emphasize throughout this 
piece that the nature of this study was extremely interactive. That is, not only was there 
interaction between a curriculum and students’ conceptions, but also an interaction 
between me, as the researcher, and the research participants.  
 There is an important distinction between traditional and interpretive research 
when it comes to the researcher and the researched.  In a traditional paradigm, researchers 
assess the degree to which participants’ measured up to the predetermined models.  In the 
interpretive paradigm, researchers develop a relationship with the participants to learn 
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about how they teach, construct their concepts, and what factors influence their 
understanding (Gallagher, 1991).  This is the type of close interaction, between me and 
the participants, was utilized to understand and document these pre-service science 
teachers’ conceptualization of NOS.  Also, it is important to realize that the researcher’s 
own participation in the academic lives of the participants helped the researcher gain an 
in-depth understanding of conceptual physics and NOS. 
 The researcher, while observing the participants, acted in the role of an observer 
as well as participant by setting up the activities for the professor and assisting the 
participants needing help with lab setup.   Gold’s 1958 classic typology as reported in 
Merriam (1998), describes the observer as a participant as one of four stances that may be 
used as an observer for data collection.  In this stance, Merriam (1998) points out that 
“the researcher’s observer activities are known to the group; participation in the group is 
definitely secondary to the role of information gathered” (p. 101).  The researcher 
observed the four participants during the lecture and lab portion for approximately ten 
class periods in which the wave unit was taught in the course (Physics 7120).  The 
curriculum taught during this time was waves, sound, sound reflection and interference, 
resonance, string columns, light, reflection and refraction, Snell’s law, and wave particle 
theory in the instructional context.  
Structure of the Algebra-Based Graduate Level Physics Course 
This study was done in the context of understanding pre-service science teachers’ 
views regarding the nature of science. The following section describes the physics course, 
and the way data was collected to narrate participants’ experiences in the college physics 
class (see Appendix A for outline of course content). The pre-service science teachers 
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involved in this study were enrolled in the graduate level algebra-based conceptual 
physics course that was developed for pre-service science teachers in need of a physical 
science class.  This physics course fulfilled a general science requirement of the 
university and for the participants it fulfilled a science laboratory requirement for teacher 
certification. This course was also developed for students who were intending to enroll in 
middle and high school science education certification program at the university.  The 
Physics course is described in the university catalogue as: 
Designed for science teachers in the secondary and middle schools.  No prior 
 knowledge of physics is assumed.  Course includes both lecture and laboratory.  
 Dynamics, energy concepts, properties of matter, heat and thermodynamics,    
waves, electricity and magnetism, and modern physics.  
    
This physics class for teachers provided a setting in which to study pre-service science 
teachers’ views about NOS because the course included physics concepts employed in 
the study such as was the physics of waves and the NOS was not explicitly taught. 
The physics course was taught during the summer session and followed a busy 
classroom schedule.  The lecture and the lab portion of the physics class were combined 
together and taught for six weeks.  The class met daily, Monday through Friday, from 
8:00 AM to 11:15 AM five days a week.  There were 28 pre-service science teachers 
registered for the class who chose to take this course because they lacked the required 
credit in physical science for their course work.  The class was only offered during the 
summer session, to accommodate the instructor’s schedule.  A tenured professor from the 
physics department who has been teaching physics for more than thirty years taught the 
course.  The instructor did not modify this course to fit this study; he taught the course 
the way he has been teaching it for the past ten years.  This conceptual physics course had 
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four major structural components that were implemented to aid the students in learning 
physics in some fashion: a lecture, a discussion section, demonstration, and a laboratory. 
The Lecture and Demonstrations. 
 The content was delivered in the lecture and demonstration portion of the class to 
the 28 students by the full time physics professor and the lecture portion of the class met 
5 times a week, with each meeting lasting 3 hours and 10 minutes. The unit on waves in 
the conceptual physics class was taught at the start of the fourth week after the students 
had learned the unit on electricity and magnetism.  Even though the instructor has been 
teaching the conceptual physics course and this unit on waves for ten years, two 
modifications to the lecture significantly increased student participation during these 
lectures.  The first was that the instructor periodically asked a variety of open-ended 
questions and added a few multiple-choice questions during the lecture to which the 
students responded orally. For example, the instructor might ask “Why are you hearing 
my voice right now”? The students’ responses were then analyzed for their correctness 
during the discussion sessions, and the content discussed again based on students 
understanding. This immediate feedback about the students’ thinking was valuable for 
both the instructor and the students.  
 The second modification was that during class time students participated in 
classroom demonstrations developed from the questions being posed by the professor.  
Before the demonstration, the students received a worksheet outlining specific questions 
from the Conceptual Physics book by Paul Hewitt, which the students answered alone 
and then discussed as a group.  During class, demonstrations were performed by the 
instructor and the questions were answered regarding their understanding of the content 
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being taught.  If students had a hard time understanding a question, the instructor would 
use a demonstration to explain it.  Throughout the study, the instructor led the students 
through the questions and discussion about issues raised when doing homework 
questions.  The students turned in the answers to the questions for a grade, and later they 
were tested about the general content and demonstration questions from previous days.  
In regards to NOS teaching in the lecture it was implicitly taught due to NOS minimally 
referenced during the unit on waves. 
The Discussion and Laboratory. 
 During the three and a half hours, as the instructor interchanged between the 
lecture and labs, the students formed discussion and laboratory groups with the 
professor’s supervision.  These groups were limited to a maximum of three students who 
performed specific labs. In the first part of the lab, the students worked together in their 
groups answering lab questions.  The specific labs were modified by the professor to 
have components of an inquiry based labs where the students were given the materials, 
and they were responsible for developing essential questions, performing the experiment, 
collecting the data, and then answering the questions.  The students were not given a lab 
manual of lengthy instructions, but only a brief description of a particular lab.  The labs 
included the materials required (for example, a ball and ballistic fire gun), and questions 
were answered during the experiment such as how far will the ball land when fired from 
the gun. The students were expected to design an experiment to answer the question.  
The participants in the study performed physics labs related to the wave unit with 
different group members.  By performing the labs, the participants focused on how to 
arrive at and evaluate an answer in a scientific manner, rather than focusing on the 
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answer that is accepted by the scientific community.  The NOS aspects were addressed 
only during one lab, Snell’s Law lab, explicitly making reference to the difference 
between theory and law.  Most of the NOS components were part of the treatment as they 
answered the daily questions and concept mapped.  A couple of the labs, like type of 
waves and refraction lab, were also inquiry based and gave the participants a chance to 
think more about the nature of science and how scientist perform experiments.  These 
experiments focused on the process of doing science, as they were learning the physics 
content.   
The Participants 
The participants of this study were Master’s-level pre-service teachers who were 
part of an alternate teacher preparation program at an urban university in Atlanta, 
Georgia.  This teacher preparation program, which runs from summer-to-summer and is 
four semesters long, accepted students who had received a Bachelor of Science and who 
were interested in getting a teaching certificate.  Since I was interested in gleaning 
conceptions and assumptions about pre-service science teachers’ views about the nature 
of science, I employed a purposive sampling model (Merriam, 1998).  In this method, 
participants are selected for the purpose of describing an experience or phenomena of 
interest that they have been part of (Merriam, 1998).  This purposeful sampling “is based 
on the assumption that the investigator wants to discover, understand, and gain insight 
and therefore must select a sample from which the most can be learned” (Merriam, 1998, 
p. 61).  For consistency of the protocol, I selected pre-service science teachers who were 
enrolled in a graduate level algebra-based conceptual physics course from an urban 
university in Georgia.  I chose this area of physics because this type of NOS research had 
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not been done in the physics area and specifically on the wave topic.  In addition the 
majority of students enrolled in this course were had earned a Bachelor’s degree in 
science from various institutions, with most possessing life science degrees.  No attempt 
was made to generate a sample representative of the student population in the class, but 
rather the aim of this study was to investigate the breadth of several individual students’ 
conception of NOS.  
Qualitative studies that use small sample populations, such as four participants for 
this study, allow the researcher to create a situation for an in-depth study.  When doing 
qualitative research, boundaries were set to allow the researcher to have a convenience 
and purposeful sampling with participants that could be studied within a short time frame 
because of the limitation of performing the study on only one instructional unit on waves.  
The extensive nature of the analysis for each participant suggested that this participant 
number was appropriate (Silverman, 2000). Participants must have been able to provide 
information regarding questions related to the study of physics and NOS. All 28 students 
in the physics class were asked by the researcher to volunteer to participate in the study, 
so there was purposeful sampling in regard to participant selection for this study.  Only 
12 students approached the researcher, and they were given a brief instruction about the 
study.  Due to the intensive and in-depth nature of interviews and observation of this 
study, another aspect of purposeful sampling, only four of the twelve students committed 
to participate in the study.  According to Yin (1994), small sample population allow for 
identifying relationships and interactions that are inseparable variables that this research 
will build on.  Once the participants were chosen, they were given a demographic survey  
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Table 1 
Summary of Participants Demographic Survey 
Name Age Gender Degree Earned Presently Teaching 
Murphy 24 Male B.S. Biology No 
Tracey 23 Female B.S. Chemistry No 
Sarah 26 Female B.S. Biology No 
Denise 24 Female B.S. Biology No 
 
(Appendix B) to fill out and return to the researcher before the study started. Table 1 
shows the summary of responses. 
In general, according to the instructor of the physics class, the pre-service science 
teachers were ambitious and busy students who were extremely concerned about getting a 
good grade in the course, and ultimately getting certified.  According to the instructor of 
the class, many of these students in the class lacked confidence in their mathematical 
skills, and it had been a long time since they had taken a university-level math course.  
All of the four pre-service teachers, as they told me during the first interview, took this 
conceptual physics course because it required less mathematical sophistication like 
calculus. Therefore, it was not in their best interest to take what they imagined to be a 
more difficult course required for their certification.  The course was specifically 
designed to be more pedagogically sound due to its interactive nature and focus on 
national Science Education Standards which is in contrast to traditionally taught physics 
courses that are seldom interactive in nature. Also, taking this course would prepare them 
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better to work with the majority of high school students enrolled in physics, most of 
whom would not have calculus prior to taking this subject in high school. 
Before data collection began, informed consent was obtained from all students 
participating in the research (Appendix I).  All of the students were willing to participate 
in the study, but it was still emphasized that this was a voluntary study, and that a student 
could choose not to participate in any or all aspects of the study. (Students had an 
opportunity to withdraw from the study at their request).  Before the study was started, 
instructional review board approval was sought and obtained (See Appendix I for consent 
form).  
Data Probes 
 This nature of science study contains many data probes which are different 
methods that yield in-depth information about changes in students’ NOS conceptions 
while participating in the wave unit in physics.  One of the probes, and also the main 
components of the study, is the VNOS and VOSI instruments.  This probe has been tested 
by Lederman et al. (2002), Schwartz et al. (2000), etc. for understanding students, pre-
service teachers, current teachers and college students’ views about the nature of science.  
One key point about the instrument that gives it more validity is the importance of an 
interview once the written portion of the VNOS/VOSI instrument has been completed by 
the participants.  At times the researcher might have a certain answer in mind regarding 
the probe, and the reader interprets the questions differently from how the researcher 
intended, so having a post interview became that much more important to the study.  I 
used follow-up interviews as suggested by the authors of the VNOS and VOSI in this 
study to probe deeper the participants’ responses, to clarify important questions about the 
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format of the answer and the type of words used in the answer, to explain the concept 
map’s word connections, and to answer any other questions the participants might have 
of the researcher. 
 To help learners unify concepts regarding the nature of science and science 
inquiry, it is important for the participants to learn them in an explicit and reflective 
approach if they are to become beneficial to the participants (Schwartz et al., 2000).  
Having the participants participate in lab activities, doing physics with a physicist, and 
having reflective writing must also include explicit instruction regarding NOS (Schwartz 
& Crawford, 2003).  During the entire study, students learned physics and performed lab 
activities with the class instructor; then afterwards with the aid of the daily questions 
concerning the nature of science that I designed, I navigated their ideas regarding NOS 
explicitly.  At times in discussing the nature of science during the interviews, the 
participants included the class professor discussions with them regarding how he became 
interested in physics research, what science means to him, and how his research is 
funded.  To address the creativity and imagination portions of NOS the participants and I 
discussed how the speed of light was achieved and how over time the number has 
changed drastically as technology improved.  Throughout these investigations, the 
participants would join in the discussion, and incorporate many of the ideas into their 
concept maps.  This process was done at four different intervals to address the physics 
understanding and the relationship it had on the change of NOS views.    
Data Collection 
 During the NOS project different data collecting techniques, or probes, were used 
at different steps.  As shown in Table 2, these data probes included a demographics 
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survey, VNOS/VOSI-PHYS Questionnaire (Appendix C), interviews, concept maps, 
participants’ artifacts, questions of physics and NOS, and observations. 
Demographic Survey 
Before the unit on waves started, each of the four participants’ completed a short 
survey (Appendix B) asking questions about their background.  Questions included 
whether they were pre-service or in-service science teachers, what grade levels and 
subjects they taught or expect to teach, their educational background, any physics 
background especially on waves, and the reason for taking the class. The single page 
survey was e-mailed to participants before the unit started; all of the students responded 
electronically to the survey and summary of the survey are in Table 2. 
Table 2  
Summary of Data Probes to be used During the NOS Project. 
Demographic Survey Hand-written responses to questions. 
VNOS/VOSI-PHYS Pre-study: Electronic or hand written responses 
Post-study: Electronic or hand written responses 
Interviews Audio taped and transcribed 
Concept Maps Pre-physics unit: Hand drawn 
Throughout the wave unit:  Hand drawn 
Post-physics unit:  Hand drawn 
Participant artifacts Lab questions answered 
Questions of physics and NOS Given different questions daily and discussed 
throughout the study 
Observation My own observation of students during the 
teaching of the wave unit. 
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Pre and Post VNOS/VOSI-PHYS Questionnaire 
 In this case study I was studying students’ views about the nature of science and 
scientific inquiry.  An open-ended questionnaire was used to assess each participant’s 
knowledge of nature of science (NOS) and scientific inquiry (SI).  The NOS 
questionnaire was based on instruments previously developed by Lederman (Lederman et 
al., 2002; Schwartz et al., 2000), Views of the Nature of Science (VNOS) and Views of 
Scientific Inquiry (VOSI).  I changed the instrument into one more physics oriented and 
called it VNOS/VOSI –PHYS (Appendix, C).   
Since the participants in the physics class were doing scientific inquiry, I used a 
VNOS/VOSI-PHYS questionnaire composed of modified Lederman et al. (2002) VNOS 
(VNOS-A, VNOS-B, etc.) and VOSI (Schwartz et al., 2000).  At the end of each question 
I placed in parentheses the original VNOS and VOSI sources from which the questions 
were taken.  To identify the purpose of the questions in the questionnaire, the reader may 
refer to the questions with notes (Appendix D).    
 Before conceptual physics class started the unit on waves, the four participants for 
this study filled out a pre-VNOS/VOSI-PHYS questionnaire, (Appendix C).  I will use 
VNOS-PHYS in referring to the VNOS/VOSI-PHYS questionnaire in this study.  When 
the participants received the questionnaire electronically via e-mail, with instructions to 
fill in their responses, they were reminded to state only their own opinions and not to 
consult other sources.  In accordance with recommendations of Lederman et al. (2002), 
no time limit was given. Also, participants were reminded that the questionnaire was not 
to be a test, and would not constitute any form of assessment that would be incorporated 
into their grade.  
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The pre-VNOS-PHYS was collected, and the participants were taught the wave 
unit in the conceptual physics.  Responses to the ten questions were analyzed then coded 
by the researcher to the similar coding used by Lederman and his colleagues.  The coding 
system for instrument rated the answers as either naïve, transitional, or informed as 
shown in Table 3 (Lederman et al., 2002). As strongly cautioned by Lederman et al.,  
The VNOS could be abused if its interpretive stance and qualitative 
interviewing component were overlooked or undermined. As such, the 
importance of coupling the use of the VNOS with individual follow-up 
interviews with all or a reasonable sample of respondents cannot be over 
emphasized (p. 517). 
Lederman et al. (2002) stressed that the validity of the VNOS instrument was not 
a final “once-and-for-all” state, and emphasized that the principal source of the 
instrument’s validity evidence stemmed from the follow-up interviews, where it is 
possible to check respondents’ understanding of items. Lederman and his colleagues also 
claimed that the questionnaire was developed with an interpretive stance in mind, with 
aims to elucidate learners’ views rather than labeling them as adequate or inadequate.  
 When the physics unit on waves was finished, the researcher administered the 
post-VNOS/VOSI-PHYS instrument.  Since one of the research questions was to 
determine whether views about NOS changed, pre and post instruments were the same 
and looked for patterns of conceptual change over the course of the unit.  See 
VNOS/VOSI –PHYS instrument (Appendix C).  When the instrument was completed by 
the participants, it was analyzed and coded similar to the pre instrument using Lederman 
et al. (2002) coding method.  The coding method of assigning participants as naïve, 
transitional, or informed is shown in Table 3. 
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Table 3 
Targeted VNOS Aspects with Illustrative Examples (Lederman et al., 2002). 
VNOS question & 
Aspect (s) 
Naïve view Informed view 
Question 1 
 
Empirical NOS 
 
Tentative NOS 
Science is something that 
is straightforward and isn’t 
a field of study that allows 
a lot of opinion. Science is 
concerned with facts. We 
use observed facts to prove 
that theories are true . . . 
compared to philosophy 
and religion . . . science 
demands definitive . . . 
right-and-wrong answers 
Science development knowledge 
depends on observation. (But) I 
think what we observe is a func-
tion of conviction. I don’t believe 
the goal of science is (or should 
be) the accumulation of observ-
able facts. . . . Everything in 
science is subject to change with 
new evidence and interpretation 
of that evidence. We are never 
100% sure about anything 
because . . . negative evidence 
will call a theory or a law into 
questions. 
Question 2 
 
Role of prior 
expectations in 
experiments 
An experiment is a se-
quence of steps performed 
to probe proposed theory. 
. . . You usually have some 
sort of idea about the 
outcome.  
An experiment cannot prove a 
theory or a hypothesis. . . . To 
organize an experiment you need 
to know what is going to come 
out of it or it wouldn’t really be a 
test method.  
Question 3 
 
Nature of 
Scientific theories  
 
 
A theory is an untested 
idea, or an idea that is 
undergoing additional tests. 
Generally it hasn’t been 
proved to the satisfaction 
of the scientific 
community.  
. . . by scientists the word theory 
is used differently than in the 
general population. It does not 
mean someone’s idea that can’t 
be proven. Has considerable 
evidence behind it . . . 
Question 4 
 
Difference and 
relationships 
between theories 
and laws 
 
Laws started as theories 
and eventually became 
laws after repeated and 
proven demonstrations . . .  
laws are set in stone . . . 
theory is apt to change and 
be proven false at any time 
A scientific law describes quanti-
tative relationships between phe-
nomena . . . scientific theories are 
made of concepts that are in 
accordance with common 
observation . . . theories propose 
new explanatory models of the 
world. 
  (Table continues) 
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Question 5, 6, 7,8  
 
Validity of 
observationally 
based theories and 
disciplines 
 
Science would not exist 
without scientific proce-
dure which is solely based 
on experiments. 
Experiments are not always 
crucial . . . Darwin’s theory of 
evolution . . . can be directly 
tested experimentally. 
Question 9 
 
Theory-laden 
NOS 
 
Scientists are very 
objective because they 
have a set of procedures 
they use to solve a situation  
Both conclusions are possible 
because there may be different 
interpretations of the same data. 
Different scientists may come up 
with different explanations based 
on their own educational and 
background or what they feel are 
inconsistencies in others’ ideas. 
Question 10 
 
Creative and 
imaginative NOS 
A scientist only uses 
imagination in collecting 
data . . . But there is no 
creativity after data 
collection because the 
scientist has to be objective 
Logic plays a large role in the 
scientific process, but imagi-
nation and creativity are essential 
of the formulation of novel ideas. 
 
 
Interviews  
 Individual follow up interviews (Appendix E) were done after each administration 
of the VNOS-PHYS. Using interviews in this case study allowed for an in-depth 
description with a wide range of views about the nature of science in response to a variety 
of context questions. Interviews allowed the researcher to establish the contexts which 
the participants called to mind when giving responses to questions about NOS, and 
clarified the precise meanings of words used by the respondents (Lederman et al., 2002).   
 A guided interview approach was used to perform the interviews. In this 
approach, the interviewer outlined the topics or issues to be covered, but was free to vary 
the wording and order of the questions to some extent (Patton, 1990). This open-ended 
and less structured format allowed me to respond to the situation at hand, to the emerging 
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views of the respondent, and to new ideas on the topic (Merriam, 1998).  A major 
advantage is that the data were somewhat more systematic and comprehensive than in the 
informal conversational interview, while the tone of the interview still remained fairly 
conversational and informal. This type of interview allowed for more in-depth probing 
for extensive responses, and this format can guide the conversation to make sure that all 
topics on a pre-existing question outline are covered (Patton, 1990).   
 For this case study the first interview included questions about background 
information, reviewed information that was gathered in the questionnaire and expanded 
upon this information.  These interviews were a getting–to-know you conversation, 
allowing both the participants and the researcher to begin to feel comfortable and many 
of them lasted approximately 20 minutes.  During the case study, participants’ written 
answers to the VNON-PHYS were given back to them for further clarification and they 
were given a chance to elaborate on their responses.  These interviews were 
approximately 45 minutes or less per session.  All interviews were audio taped and 
transcribed.  The transcriptions were sent to their respective participants, who were 
allowed to check the transcription for accuracy. 
Concept Maps. 
 Participants made pre-participation concept maps and continued to develop them 
by adding any terminology on the map until the unit on waves was done.  All of the 
participants had designed a concept map in other science education classes before they 
started on the project and had shown to be proficient in designing them appropriately. I 
handed out a three ring notebook divided into two sections.  Each section contained blank 
sheets of paper that were used for their everyday concept mapping.   The first section of 
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the notebook was for physics concept mapping and the second section was used to 
concept mapping their views about the nature of science and scientific inquiry.   
Only the four participants out of the physics class made one concept map about 
NOS and another for physics before the unit on wave started and after the unit had ended.  
When the unit started, I gave students pieces of paper that contained the main topic 
written at the top of the page.  Once the unit on waves started, the participants were also 
supplied with terms relevant to physics and the nature of science, such as theory, law, 
science, technology, experiment, variables, religion, etc.  The words were given to the 
participants in a random order, and they were asked to organize them in any way they 
saw fit in developing the concept map.  They continued to draw on the concept map in 
both sections until the unit was concluded, which took approximately 14 days.   They 
were only given instruction about making the concept map if they did not know how to 
design one.  The participants continued adding new or altering old information on the 
map every day until the end of the study.  
Daily Questions 
 Every day after the lecture and labs, only the four participants received 
electronically two to five questions to answer before the next lecture.   Some of the 
questions, for reflective purposes on NOS, focused on conceptual physics while others 
were on nature of science and scientific inquiry.  From my previous study on NOS, these 
questions were effective in encouraging participants to write in length, and discuss deeply 
in the post interview about science.  The aim of these questions was to get students to talk 
about science using their own terms.  This questioning and reflection approach followed 
the traditions of phenomenology, in which the focus of the research was taken to be 
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description of participant’s thinking and learning of the world, in this case the world of 
science (Marton, 1981).   The questions chosen are found in Appendix F. 
Researcher’s Observational Notes 
 Throughout the NOS project, I made field observations of the participants at 
different times.  As an observer during the study, I was making field notes of the 
interaction when the participants were performing their labs and recording in as much as 
possible to form the database for analysis. At times I mentally made notes to myself 
about specific discussion, other times notes were written in the researcher’s notebook, 
and I referred to them during the analysis of the data, and also during the interviews. The 
notes included discussion with the instructor, elaboration of NOS with other colleagues, 
questions asked during class, questions raised about the experiments, and my comments 
as an observer. The field notes from direct observations were kept in a fieldwork journal-
-an introspective record of my experience in the field (Merriam, 1998).  These notes were 
transferred into an electronic journal as soon as possible after the observations were 
made.  
Participants Artifacts 
 Participants’ artifacts were primarily related to their scientific research during 
conceptual physics.  The artifacts such as tests, notes, homework were not analyzed, but 
were used to construct accounts of each participant’s experience during the case study.  
These artifacts supported the analysis and added to the information regarding the 
understanding of how the students learned about NOS and the conceptual change process.   
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Data Collection Timeline 
During the 13 day unit on waves in the conceptual physics class, various data 
probes were used in the course to study how the participants’ views about NOS changed.  
In Table 4, the first column is the data probes and second column is the description of the 
time frame.  
 
Table 4  
Data Collection Timeline 
Data Source Time Frame 
Demographic Survey Collected before the unit on waves. 
Pre-VNOS/VOSI-PHYS questionnaire Electronically sent to student before unit on 
wave started. 
Interviews based on Pre-VNOS/VOSI-
PHYS questionnaire 
Audio taped and transcribed 
Pre-concept map of physics  Started on the first day of the unit on waves 
and continued throughout the unit on waves; 
hand drawn. 
Pre-concept map of NOS  Started on the first day of the unit on waves 
and continued throughout the unit on waves; 
hand drawn. 
Daily questions of physics and NOS E-mailed to the participants throughout the unit 
on waves. 
Field observation Observing participants during the class 
throughout the unit on waves.  
Post-concept map of physics  Finished on the last day of the unit on waves 
and hand drawn. 
Post-concept map of NOS  Finished on the last day of the unit on waves 
and hand drawn. 
Post-VNOS/VOSI-PHYS questionnaire Electronic or hand written responses 
Exit Interview regarding Post-VNOS/-
VOSI-PHYS questionnaire, concept 
maps, etc. 
Audio taped and transcribed 
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Data Analysis 
As a researcher I constructed meaning, demonstrated in chapter 4 and 5, from the 
data sources after they had been collected from the participants in the study.  I analyzed 
the interview questions, concept maps, take-home questions, and anything else that was 
beneficial for the study.  I made the data meaningful by confirming its existence in 
multiple instances of data collection. The number and variety of data probes used in the 
experiment increased the validity of the meanings ascribed to the data, and the 
manifestations of these meanings were triangulated using multiple instances. 
I analyzed data using the constant comparative method (Strauss & Corbin, 1998). 
From analysis of the interview questions and concept maps, a theory about how the NOS 
views change was produced.  However, such a production will not follow from a single 
reading or analysis of the data. The data was analyzed in two distinct stages, similar to 
those described by Strauss and Corbin (1998). For this research, the stages could be 
viewed as three filters and tests of the data analysis. Each stage used the data to test and 
negate or validate any meaning that will be made and is consistent with methods of 
constant comparative analysis (Strauss & Corbin, 1998).  
Demographic Survey and Pre-VNOS/VOSI PHYS Questionnaire 
 The first part of analysis took place immediately after the first interview session 
following the demographic survey and pre-VNOS/VOSI questionnaire.  This collection 
of information regarding demographics allowed me to learn something new about each of 
the participants’ background, teaching styles, and future endeavors.  Learning more about 
each of the participants helped me understand their needs for future references, such as 
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the proper place and time for an interview, if they knew how to construct a concept map, 
if they had access to a computer or knew how to use an e-mail service. 
When the pre-VNOS- PHYS responses were collected at once, recorded on a 
coding sheet designed apriori and the coding process was linear.  The questionnaire was 
coded independently by the researcher as naïve, transitional, or informed (Lederman et 
al., 2002; Schwartz et al., 2000).  Naïve coding statements, according to Lederman 
(2002), are those that do not follow the informed view for each aspect of the 
VNOS/VOSI-PHYS instrument.  A transitional view was to be coded if the participant 
ideas included some, but not all aspects of an informed view.  An informed view would 
have been consistent with explaining all of the underlined ideas mentioned in the 
response.  The methods used for coding were similar to the one used by the VNOS 
developers and followed the strategies used in the published studies regarding NOS that 
used this type of instrument (Khishfe & Abd-El-Khalick, 2002; Lederman et al., 2002).  
Appendix D represents NOS aspects and descriptions that serve as a basis for evaluating 
VNOS/VOSI-PHYS responses.  
After collecting the pre-VNOS-PHYS, it became noticeable to me that I was 
already starting to become biased by my knowledge of Lederman’s aspects, because I 
was looking at the responses and searching specifically for them.  I decided to use all of 
these aspects as predetermined categories and to add more categories if they emerged 
from the data (McMillian & Schumacher, 2001).  As I continued to read the data, I began 
to look for topics that would fit into these predetermined aspects.  I wanted to view all the 
aspects of the VNOS/VOSI-PHYS questions at the same time.  Therefore I did an 
electronic cut and paste, shown in Table 2, of responses to each question as being naïve, 
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transitional, or informed.  The transitional category, used at times by different researchers 
in NOS, is incorporated as a middle view that represents less of naïve and less of 
informed view.  The transitional view was included by Lederman et al. in this example, 
but was simply added by me to showcase the transitional view participants could get.  
These categories would be used for the pre and post analysis of the VNOS/VOSI-PHYS.   
The targeted VNOS aspects that showed the views based on Lederman’s research 
incorporated the participants’ answers.  Their answers would be compared to the targeted 
aspect and participants were identified as naïve, transitional, or informed.  These views 
then were compared to the post VNOS views and further analysis was performed to see 
the changes in the participants’ views.       
Daily Questions and Concept Mapping 
 A second part of the analysis involved the daily question and concept mapping 
NOS throughout the wave unit.  As the participants were learning the wave unit, daily 
written questions regarding NOS were given and then used in the post interviews to 
assess participants’ NOS views.  These questions were designed for participants to relate 
their NOS views to physics content and make accommodations for their different views.  
During the interviews regarding the daily questions, my journal entries were used to 
further validate particular interpretations (Strauss & Corbin, 1998), and that helped with 
my data analysis.  During this stage, the open coding method was used to scrutinize the 
observational notes, interviews, and surveys (Strauss & Corbin, 1998).  I read all the 
answers to familiarize myself with the data and identify major themes, context, 
similarities, differences, and emerging theories.  Using the apriori and open coding 
processes in a qualitative research synthesis made data analysis eclectic rather than 
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sequential (Strauss  & Corbin, 1998).  Since a major component of this study was to look 
for conceptual change in the nature of science views, the variable time came into play 
because the study lasted approximately 13 consecutive days.   
The participants were asked every day, based on the daily activities in the class, 
the daily questions, chapter readings, labs, and demonstrations to concept map their 
understanding of the physics content and their views about the nature of science.  The 
participants’ concept maps on the unit of wave, the nature of science and scientific 
inquiry were used to assess the participants’ conceptual change about waves, NOS and 
science inquiry.  The concept maps were coded based on a modified rubric from Hemler 
(1997) and a rubric from Rye and Rubba (2002).  These rubrics were combined to make 
it simpler to score the concept maps since the participants were asked to design them in a 
hierarchical order. The Rye and Rubba rubric considered only concepts and relationships 
as the only components to test for in the concept map, but if I combined it with Hemler’s 
rubric that counted the number of correct relationships, the number of levels, the number 
of branches, and the number of correct cross-links it was easy to see the relationships 
between the participants’ concept maps, (see Appendix G for an example of a concept 
map and a scoring rubric).  In my rubric I used NOS concept maps to identify the type of 
linkage between the concepts, the relationships, and the everyday conceptual change. I 
would count the correct number of relationships, the number of levels, the number of 
branches, and the number of cross-links. I then looked for patterns in the conceptual 
change of NOS when the participants were learning the unit on waves, and then I 
compared them to the participants’ VNOS/VOSI-PHYS questionnaire responses.  During 
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the final interview, the participants referred to the concept maps to expand on their 
responses to the questionnaire, and also confirm the similarities and differences. 
Post-VNOS/VOSI-PHYS Questionnaire and Interviews 
 When the participants completed the post-VNOS/VOSI-PHYS instrument and 
interview questions at the end of the study, the data collected regarding the participants 
NOS views were coded based on Lederman and his colleagues coding system (2002).  
This study used apriori codes for the participants’ views about NOS and they were based 
on the following themes: tentativeness in science, definition of science, observations and 
inferences, theory versus law, scientific method, data and evidence, data analysis, and 
scientific creativity and imagination (Lederman et al., 2002).  Another part of data 
analysis analyzed involved the administration of the post-VNOS-PHYS instrument and 
post interview questions regarding the participants’ views about NOS.  The post data 
collected from the instrument and interviews was coded again based on Lederman et al. 
(2002) coding of participants views as naïve, transitional, or informed, see Table 3.3.  
The coding was analyzed along with the transcripts of the interview data and then a 
summative narrative of each probe was written. These narratives included interpretive 
and descriptive summaries (Richardson, 2000).  
The interpretations of the narrative and the interpretation of the coding from the 
VNOS/VOSI-PHYS instruments were compared. In cases where the two interpretations 
of the data were consistent, information from the narratives and interview transcripts 
were used to further clarify and expand the analysis.  In cases where the narrative was 
contradicting the original information of the VONS/VOSI instrument, interview 
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transcripts were referenced to in order to settle such a disagreement. In this manner, all 
interpretations of the data were tested and verified (Strauss & Corbin, 1998). 
As with all of the data collected through interviews, field notes were compiled in 
addition to audio taping the sessions.  Immediately following each interview session, a 
narrative field journal entry was written, based on field notes, its probes, and case study 
responses (Richardson, 2000).  Each of these entries in the field journal became its own 
set of data which reflected my interpretations of the interview probes and responses.  The 
entries were typed, printed, filed, and organized for later comparison to the post 
VNOS/VOSI instrument and interview results. 
Assurance of Trustworthiness 
 With the evolution of qualitative methods as an accepted form of research in 
education, four different criteria evolved for judging their trustworthiness (Guba & 
Lincoln, 1989) in this case study.  These criteria included assurances of transferability, 
credibility, confirmability, and dependability, and are based on Guba and Lincoln (1989). 
 
Transferability 
 Transferability is defined as the degree that the findings of the study fit the 
receiving contexts.  Also transferability implies that all data be maintained in their 
original forms to be used for thick description of the conceptual change of NOS in the 
participants.   I collected all the original hand written papers from questionnaires, concept 
maps, and answers to questions.  I also kept the paper copies of any data collected 
electronically.  I used all of these artifacts throughout the study to develop a thick 
description in the result section. 
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Credibility  
 Credibility is described as the degree of isomorphism between the reported results 
and the actual constructs of the respondents.  The credibility of the study was first 
established through engagement and monitoring the consistency of the information 
offered by the participants. A second way to assure credibility was to let the participants 
review the preliminary draft of the case written about them, and to respond in writing to 
the case—its conclusion and interpretation.  Also when the participants reviewed the 
material they had an opportunity to volunteer additional information and summarize key 
points.  At the end of the study a participants’ reflection sheet was attached to the back of 
the draft with responses to questions regarding the project.  A third method to assure 
credibility was to have peer debriefing.  In this process the researcher gave his 
interpretation of the data to another qualified researcher, a PhD candidate who was about 
to graduate and who had no stakes in the study.  This provided an analytic second opinion 
from someone that was distant from the data interpretation. 
Confirmability 
 Confirmability is the extent to which the data represents the context and 
participants’ constructs rather than the observer’s bias.  The use of member checking in 
the interview process helped assure confirmability.  When the interviews had been 
transcribed, I showed them to the participants, gave them time to look them over and 
confirm their worthiness and authenticity.   I used the data from this case study as the 
basis of any conclusions and did not let my own personal biases from being a physics 
teacher and performing other NOS research influence the interpretation of the data and 
findings.  Another bias could have occurred during the interview session when the 
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participants were answering question and at times I smiled at their answer if it was 
similar to the other participants. 
Dependability 
 Dependability is a judgment of the logic of the process and the stability of the 
findings.    In this study several techniques were used to satisfy these criteria.  Multiple 
interviews and open-ended questions of the participants with interviews were used to 
produce in-depth data in the form of a transcript.  Other artifacts such as the researcher’s 
field notes, electronic journals, concept maps, and a photographic journal of the project 
triangulated the data.  Also member checking was incorporated into this study.   
Summary 
 During the summer of 2005 I ran an authentic nature of science research study 
with pre-service science teachers as participants.  These pre-service science teachers 
became a research team, under my guidance, in learning about their nature of science 
views.  The research for this study was done at an urban university in Atlanta, Georgia.  
After the research was complete each of the participants was given a chance to discuss 
their views with me in several instances. 
 To study the pre-service science teachers’ views about the nature of science, 
several data were collected from a variety of probes.  Data probes included written 
participation and post participation responses to VNOS-PHYS coupled with guided 
interviews of the participants, responses to daily questions, audiotapes, and participants’ 
artifacts.  I also made field observations and took field notes to get a comprehensive 
understanding of the participants.  The data were broken down into topics and then data 
was analyzed using predetermined categories from Lederman et al. (2002) and Schwartz 
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et al. (2002).  The trustworthiness of the data was established using the four criteria of 
Lincoln and Guba (1985).
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CHAPTER 4 
RESULTS 
Introduction 
This chapter focuses on the participants themselves, describing their conceptions 
of science, and illuminating consistencies, contradictions, and changes in these 
conceptions.  Toward this end, this chapter is divided into four case studies, each 
representing a particular learner.  To answer the two research questions of what were the 
participants’ view of NOS and how they changed when learning the unit on waves, each 
participant is described briefly in order to highlight their conceptual framework in which 
NOS concepts are embedded and conceptual understandings are located.  Even though 
participants’ conceptual frameworks have multiple dimensions, so the data interpretation 
is reported through each participant’s complete analysis without any ranking to it. 
One part of the study and its concepts has a great depth to it. As described in 
chapter four and as suggested by others (Tyson, Venville, Harrison, Treagust, 1997), each 
case study is analyzed not only for the conceptions themselves (“what” they know, or 
what Tyson describes as a concept’s ontology), but also “how/why” a learner knows, or 
does not know something (what Tyson refers to as a concept’s epistemology or status), 
and what the learner “feels” about a concept, (what Tyson refers to as a concept’s affect).  
In this research the conception itself may be less important than describing conceptual 
change in a way that pertains to learning.  That is, while “what” a pre-service science 
teacher knows about a concept is certainly crucial to report, this study also described the 
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conceptual framework that surrounds each concept. The opening passage in each case 
study’s narrative is an important introduction to the participant’s understanding of NOS.  
These four participants present different conceptual frameworks of the nature of 
science, and how they connect these concepts forms their conceptual framework.  All of 
the participants were enrolled in this conceptual physics course with the intention of 
eventually becoming high school teachers.  Each case study shows small degrees of gains 
in conceptual understanding of the NOS, and there are no shifts in understanding of NOS 
for any of the four participants.  What can be shown, however, is the interaction that 
other conceptions have with these NOS conceptions to develop a conceptual 
understanding.  These factors include views of the purpose of science (especially with 
Tracey and Denise), understanding theories and laws (especially with Murphy, Tiffany, 
and Denise), and how science knowledge is perceived (especially with Sarah and Denise, 
though in opposite ways). 
The data for each participant are represented as a narrative.  Although the data 
collection described took place in the past, the “story” for each interview is presented as a 
present tense scenario. The intent of this case study is to document each learner as 
complex individual working in real time to make sense of science rather than a one-
dimensional survey respondent. The conceptions presented in the case studies are 
conceptions that these participants had and still have, at the time of last interview session, 
and which represent a sample of pre-service science teachers’ conceptions that are 
entering our classrooms.  Thus, the concepts represented by the data did not “happen” in 
the past so much as they “happen” continually.  
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Murphy: Sophisticated contradiction 
Murphy walks into class, promptly and quietly takes his usual seat towards the 
back of the classroom.  Armed with a cup of hot coffee from the student union, he looks 
prepared but casual, composed but flexible.  Murphy is soft spoken and never speaks out 
in class. Murphy draws little attention to himself.  Yet, his capacity and awareness of his 
capacity for science are very clear and perhaps worthy of some attention.  Murphy loves 
math and professes a joy in taking calculus exams in high school.  Likely the least 
apprehensive about science of all the volunteers, Murphy notes that sometimes he is 
bored in class since he is familiar with much of the material and confident of his own 
ability to apply it.  
Such boredom, rather than the result of Murphy’s not wanting to think about 
scientific issues, is the result of his desire to understand the wonders of nature.  Murphy 
shows a fascination for the natural world, revealing that he is intrigued by certain 
concepts during the interview sessions.  These interests may stem more from other media 
(mostly TV) than from the course.  For example, when discussing the surface temperature 
of the Sun, Murphy starts to think about lightning, asking if it could really be hotter than 
the surface of the Sun.  Such is one of the many facts that amaze him and pique his 
interest. Murphy finds a great deal of merit in the scientific enterprise: “I pretty much 
believe everything science says. Some things just don’t interest me”.  He is implying that 
he gets bored easily at certain things.  Many of his interests are related to biology, though 
many of his greatest fascinations are with natural disasters, for example lightning and the 
potential for asteroid impacts on Earth.  
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Although Murphy, and he was in agreement with this assessment, was initially 
reserved in the interview sessions, he was thoughtful in his responses, and cooperative in 
his approach and willing to participate.  Murphy is generally sure of himself, and he 
answers questions about NOS without hesitation.  At the same time, Murphy takes few 
seconds to be reflective about his answer, generally giving careful consideration to the 
abrupt and short answers he provides during the interviews. Murphy also notes that the 
case study experience gives him a chance to think more about himself as a teacher and 
how he would teach science in the classroom.   
Even though Murphy admits to “getting bored with the labs early in the semester 
because they deal mostly with issues of measurement rather than new scientific content,” 
he readily understands the philosophy of the course and how it applies to him as a 
prospective teacher. Murphy envisions teaching tenth or eleventh graders in an 
interactive, hands-on manner so that the students “could get into science by doing it 
properly and understand it.”  He wants his students to gain an appreciation for science 
and a sense of wonder about the world that makes them want to pursue science in their 
own free time.  
Although it is somewhat evident that Murphy has strong science convictions, 
these are not as explicitly stated as they are with other case study participants.  Still, he is 
the type of person who has clear ideas of what he thinks and believes, and he has 
confidence in such.  These ideas become clear when Murphy speaks of the purpose of 
science or when he contemplates the validity of scientific theories such as, “the speed of 
light is unrealistic, or the big bang theory is just a novel idea for scientists to toss 
around.”  
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“An academic advisor in the college of education told me it would be good to take 
this physics class because it fulfills a general requirement and is also one of the choice to 
take in the secondary education program.”   Murphy was first exposed to this class 
through a recommendation.  He aspires to teach high school students, citing reasons such 
as an intrinsic interest of working with this age as well as having some previous 
experience with this age group.  He has always enjoyed school and enjoyed his 
experiences with teachers.  “I’ve always loved school. I love to learn. I just always 
thought it would be great to be a teacher.”  Such experiences and attitudes have led him 
to get a masters degree in science education. While Murphy’s interests slant his bias 
towards life sciences rather than physical science, he feels comfortable with material 
throughout math and science.   
As a student in the class, Murphy performs well in the physics course, earning 
high grades on tests and labs.  He is a dedicated student, although he sometimes feels that 
the class was not challenging enough: “[I’m] hoping that it’ll get more into . . . detail and 
harder things.”  While he is well versed in the vocabulary of science, he is inconsistent in 
his descriptions of the purpose of labs, “I don’t understand why it is necessary to do the 
labs in physics when it can be learned through equations only.”  Still, Murphy has other 
strong conceptions that are not only firm in his mind but also correct, “to me science is 
based on change, and it is not done in short time.” Thus, on a surface level Murphy seems 
to be very aware of the nature of science, yet his responses to certain probes are out of 
sync with his own descriptions of science, even though such responses are still very well 
articulated and thoughtful.  What follows in the subsequent sections is the description of 
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Murphy’s conceptions at the three stages of the unit on wave, and how these conceptions 
are uncovered.  
To understand some of the underlying factors leading to Murphy’s nature of 
science conceptions, his conceptual framework, how he makes connection between 
different concepts must be thoroughly considered.  The three most significant elements of 
his conceptual framework about science are the following:  
1. An affinity towards learning and an enjoyment science and math: “I’ve 
always loved school.  I love to learn how things work and move.”  This 
attitude drives him to teach; although, science is not a discipline that he 
feels necessary to place special emphasis upon in his teaching. 
2. A fascination with the natural world, especially when considering the 
possibility for disaster: “I don’t want to get hit with some asteroid.”  In a 
similar vein, Murphy sees the authority and validity in scientific 
knowledge in most all cases. 
3. Self-assurance and confidence in his ideas, even when considering abstract 
concepts or tasks.  He is thorough in his explanations during interviews; 
although, he seldom extends a discussion beyond what is originally asked.  
These features of Murphy’s conceptual framework become especially apparent 
over the course of the interview probes, as seen in the following narratives.  For the 
analysis, as described in chapter five, it will be shown how these pieces of the conceptual 
framework interact with Murphy’s previous experiences and science class work to 
produce his current NOS conceptions of the nature of science. 
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Stage 1:  Murphy Conceptual Framework at Start of Wave Unit 
This early stage of the study was marked by a written questionnaire (the 
Demographic survey – Appendix B) and survey (the VNOS/VOSI-PHYS – Appendix C), 
an interview that asked general questions about science and the volunteer, and an 
interview that reviewed items in the written probes (survey and questionnaire), and the 
initial concept map.  Specific probes and Murphy’s response to these probes are 
described below to answer the first question, what is Murphy’s nature of science views?  
In Murphy’s Pre-VNOS-PHYS there are aspects of Murphy’s conceptions that 
seem to consistently be reflected in an explicit manner during his discussions.  Also, the 
answers to the questionnaire show at times that Murphy contradicts his own descriptions, 
for example he said in the interview “science doesn’t change all the time,” and few 
minutes later he claims “science changes all the time for certain situations.” In some 
cases, these concepts are contradicted due to the response to a particular probe; in other 
cases there exists a continual contradiction that might arise without his awareness.   
As he describes in the first interview, Murphy uses his previous experiences in 
science classes as well as his experience during the unit on wave in the physics class to 
define what science is: “using data, experiments, and experience to determine how the 
world works around me.” In a subsequent interview, Murphy continues to describe 
science as a process.  He claims that science is all about “finding out about the world 
around you . . . using all of your senses, thinking a lot, figuring out things.”  Such a 
description of science was representative of the material presented in class during optics 
unit in conceptual physics.  
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Asked, “Why do we do science?” Murphy hits on a theme that will appear 
frequently throughout his interviews.  The theme is that of utility – that, even though 
science is done because we are curious about the world and want to obtain a better 
understanding of it, ultimately such an understanding should be of some important human 
use. Quite justifiably, Murphy points out that there is “tons we don’t know about the 
science we teach in our schools”.  The “tons” to which he is referring and most concerned 
about, however, have to do with “if people are cloning humans, we should know about it 
– you know, to see how it helps us survive.”  Murphy also notes humankind’s innate 
curiosity, but this is noted secondarily to issues of survival.  
When Murphy contrasts science to other subjects, he suggests that other 
disciplines are more rigid in their procedures: “Like math, you’re given equations, 
geography you memorize graphs and charts . . . science is sort of figuring out things, like 
everything’s not spelled out for you.”  Murphy views science as not only a process of 
understanding the world, but one which does not have specific guidelines.  This suggests 
a more sophisticated notion of the scientific method – that, at least instead of a specific 
recipe book of procedures, a singular scientific method does not exist.  He also contrasts 
science with math classes by noting that science is experimental in nature, whereas math 
is “more of solving for an answer.”  These reflections suggest a reflectivity on the 
discipline of science that is sophisticated and thoughtful.  
When asked what science is, Murphy consistently describes it as a process or a 
means of coming to understand the world around us.  This process, however, has a 
particular motive for Murphy that is not reflected in science’s generic definition: science 
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should provide us with something useful.  This notion will become more prominent in 
proceeding stages, as reflected by (and possibly sparked and enhanced by) new probes.  
To also help answer the first research of question of what the participants 
conceptions are about the nature of science, a concept map probe was one of the more 
sophisticated probes used, in that it involved the design of a concept map using the terms 
given to them to create arrangements for the way terms relate to each other.  As a result, 
trying to understand the meaning of the concept map becomes particularly challenging, 
especially scoring them.  All of the concept maps in this study were scored by counting 
the number of levels, the number of branches, the number of relationships, and the 
number of cross-links (Hemler, 1997).  See an example of concept map and scoring key 
in Appendix G.  Throughout the participants’ concept map explanations two tables will 
be given that describe the total score for the individual.  The first table will contain score 
before the unit on wave starts, and the second table will have score from the last day of 
the wave unit, this will be evident later in this chapter.    
Murphy designed a concept map from the beginning of the unit on waves.  The 
terms, relevant to understanding the nature of science, such as science, religion, 
changeable, stable, known, truth, progressive, variable, independent variable, 
observation, experiment, trials, fact, hypothesis, law, and theory are supplied to Murphy 
and all of the other participants.  The words used in the concept map are given to Murphy 
in a random order, and he is asked to organize them in any way he saw fit in developing 
his concept map.  Unlike other case study participants, he is unquestioning during this 
process and immediately starts tackling the task at hand, even though the other 
participants thought the directions were vague. Murphy begins the task by eliminating 
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certain terms from his organization.  Initially he doesn’t use all the terms, he decides to 
set aside the term “independent variable,” as it does not fit in with his description of 
science that relies on the terms “theories” and “facts.”  In addition, he ignores the term 
“researcher,” since he relates a researcher’s meaning to an expert, Figure 2 (The concept 
maps within the text, were computer generated.  The originals appear in Appendix H.).  
All other terms are used; although, Murphy separated these into two different groups.  
Murphy’s score on the pre concept map was a total of eleven, which would end up being 
the lowest of all the participants as shown in Table 5 (Refer to previous chapter of how 
the maps are scored).  Murphy showed no cross-links, or aspects that are interrelated. 
On the Pre-VNOS/VOSI-PHYS questionnaire, Murphy shows a very strong 
tendency towards suggesting that scientific knowledge is tentative.  His answers to the 
survey questions show him as being reflective of the scientifically accepted view. In 
reviewing his own responses in a later interview, Murphy clarifies his answers slightly. 
While still suggesting that science “is the study of the natural world, it is always 
 
Figure 2.  Murphy’s pre-participation NOS concept map.  
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Table 5  
Murphy’s Pre-Participation NOS Concept Map Score 
Relationships 5 
Levels 3 
Branches 2 
Cross-links 0 
Total score 11 
 
changing”, Murphy considers this tentativeness to be a dying attribute of science.  “I 
think scientific theories at times changes, but I don’t think they’re changing as much, but 
they are open to critique.”  Thus, it would seem that Murphy sees science as converging 
toward understanding nature.  
This concept of progressiveness and convergence on truth is further supported by 
Murphy’s idea that science is sometimes creative.  On the pre VNOS/VNOS-PHYS 
questions, Murphy said, “In order for scientist to come up with any kind of experimental 
procedure or steps they are going to be sometimes creative, but not all of the times.”  
Murphy separates the scientific product from the scientific process by suggesting only 
one of them, the process, is a human creation.  The products of science, while before 
suggested to be tentative, are given to us by nature.  One would suspect that such gifts 
must also be correct, or as Murphy refers to them, “facts.” 
Although Murphy acknowledges and readily adheres to the idea that scientific 
knowledge is tentative, he also holds what seems to be contradicting ideas.  First, the idea 
that science is tentative is not dependent upon our level of technology, but on the nature 
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of science itself.  Thus, science should be just as tentative now as it ever was.  Second, 
scientific knowledge that is not “created,” but rather “discovered,” is knowledge that 
should be immune to error. Such contradictions seem to go unnoticed by Murphy.  Lastly 
Murphy’s answers on the Pre-VNOS/VOSI-PHYS questionnaire were mainly naïve in 
view, Table 6, since he had seven naïve answers out of ten questions, and only few 
transitional views. Also his concept map for stage 1 showed lacking in the nature of 
science views because he only was able to show few relationships between the science 
terms. 
Murphy most explicitly describes scientific knowledge as being tentative. When 
asked direct questions about science, Murphy consistently iterates such ideas. Murphy is 
seemingly very aware of such tentativeness, as reflected by his responses to the Pre-
VNOS-PHYS Questionnaire in Table 5. At the same time, this is in conflict with 
Murphy’s conception of science as a way of knowing, since a discovered nature should 
not be tentative.  Furthermore, if we look more closely at Murphy’s conception of 
‘tentative,’ we find that such an aspect of science is not so much a result of how science 
operates as it is a result of the society and technology that is doing science.  Therefore, 
although he can state that science is tentative, it seems that this statement reflects his 
conception inadequately.  
Murphy is unwavering in his description of science; he does manage to contradict 
himself throughout the probes of before the end of the wave unit.  One way this occurs is 
when Murphy describes the production of scientific knowledge as something which is 
discovered rather than created.  This reveals his understanding of science as a way of  
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Table 6 
Summary of Murphy’s Views on Nature of Science at the Start of Wave Unit 
Pre-VNOS 
Questionnaire Summary of Response Views on Nature of Science 
#1 • Science is a process  
• It provides useful tools for people 
Naïve view 
#2 • The purpose of experiment is to 
determine something Naïve view 
#3 • A theory is a based on hypothesis of 
people wanting to understand, 
accepted by everyone  
Transitional view 
#4 • Laws are phenomena that occur 
most of the time, and we find them 
• Theories are open to critique, Laws 
are not open to debate 
Naïve view 
#5 • Science must follow certain uni-
versal protocol in order to maintain 
validity 
Transitional view 
#8 • Scientists are somewhat certain 
about the speed, this could be seen as 
tentative in science 
Naïve view 
#9 • Depending on the scientists’ 
personal analysis and interpretations 
of the data, they will reach different 
conclusions. 
Transitional view 
#10 • To come up with experimental 
procedure or steps they are going to 
be at time creative 
Naïve view 
 
knowing – that science is a process which directly reflects nature, rather than our 
interpretation of it.   
Stage 2:  Murphy’s Conceptual Framework Post Wave Unit 
This final stage of documenting Murphy’s conceptions of science continues to 
clarify and support the analysis done in the previous stage.  Probes taken from the Post-
VNOS-PHYS and concept map ask Murphy to express his views in new ways, although 
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his views remain largely static across the three stages.  Still, some responses were filled 
with more description of NOS compared to the previous research stage.  
Murphy’s description of the “creative” and “developmental” aspects of science, as 
measured by the VNOS survey, were changed a great deal as compared to when he filled 
out the same survey during the first week of the unit. As before, he showed a strong 
conception of the developmental aspect throughout the unit, since seven out of ten 
responses were rated as naïve versus transitional and informed at the beginning.  At the 
end of the study Murphy had moved more to the transitional side of the scale on many 
questions with only a couple of questions as informed only, Table 7. 
At this final stage, Murphy’s conceptions of the nature of science have not 
changed extensively.  However, a few concepts break the mold of the previous stages. 
While the presence of these seems most likely due to the type of probes more than a large 
shift in Murphy’s knowledge, they are worthy of mention.  
First, Murphy himself describes one change in his conception of science, “Science 
is simple and can be explained in simple terms.”  This conception simply adds to (rather 
than replaces) the conception of science that has withstood throughout all of the stages: 
that science is a process which is done in order to produce utilitarian knowledge. Most of 
what Murphy reflects on is consistent with the previous stage, though more articulated.  
Although Murphy still defines science “as a process and a way of understanding the 
world,” he still tends to regard the products or knowledge of science as having the most 
importance and this is reflected in his descriptions of science.   
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Table 7   
Summary of Murphy’s Views on Nature of Science Post wave unit 
Post-VNOS 
Questionnaire Paraphrase of Response 
Views on Nature of 
Science 
#1 • Science is the systemic study of the 
natural world it is always changing  
• It uses data to understand nature 
Transitional view 
#2 • Gather your data, and then that is the 
information or result you would use to 
determine  
Transitional view 
#3 • A theory is best explanation that they 
have at the time  
• Can be composed into a larger theory 
Transitional view 
#4 • Laws are phenomena that happen 
consistently or rarely ever notice to 
behave differently  
• A theory is pretty much true, and a law is 
like more true than a theory.  
Transitional view 
#5 • Science follows standardized steps 
simply because scientist from different 
areas of the globe are going to compare 
data 
Informed view 
#8 • Scientists are fairly certain, several 
different experiments of the speed of 
light agree then you can be fairly certain 
of the answer 
Transitional view 
#9 • Two scientists can look at the same set of 
data and come up with different 
conclusions could be the scientists 
background or educational background 
Transitional view 
#10 • To come up with experimental scientist 
have to be creative in coming up with the 
methods  
Transitional view 
 
In this stage, Murphy more clearly describes the kind of truth which science can 
ascertain.  Previously, the limits of scientific knowledge were vague and the idea of what 
can be known differed between probes, yet Murphy now seems to describe science as 
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being able to uncover all truth, limited only by the limits of technology. This clarification 
may not be a changed concept, but more likely seems to be something that Murphy has 
been forced to describe and define as a result of these interviews.  
As the unit on waves continued, the group of terms is arranged in a more complex 
concept map, as shown in Figure 3. As Murphy describes it, “the concept map represents 
the scientific process and how it tries to work towards a production of knowledge.”  In 
the process of describing the concept map, Murphy reveals two important points 
regarding his conception of science. First, even though a discussion of theories and laws 
has already taken place in class, he demarcates these two in a very specific way, stating 
that laws are more certain (citing Snell’s Law) and theories are more questionable (citing 
Atomic theory). That is, as science progresses towards “truth,” laws are a closer 
representation of such than are theories.  “A theory is pretty much true, but . . . a law is 
like more true than a theory.”  When asked what determines which is more “true” than 
the other, he asserts that a law is more falsifiable than a theory. It is therefore evident that 
Murphy uses sophisticated terminology and reasoning that he uses to describe his 
preexisting conception of science and its respective theories and laws.  
In the middle right portion of the concept map, Murphy notes that the term 
science, or the natural phenomenon, is reflecting his simple view of science as seen in 
Figure 3.  The first of these meaning of science is “changeable,” and “fact.”  That is, if 
any change is to take place, it must be a progressive change: “If something’s changeable, 
then it’s going to progress – become bigger and better.”  Becoming more correct, science 
ideally leads towards something that we find in books, what Murphy refers to (in this 
instance) as a “fact.”  When pressed, however, Murphy distinguishes facts from laws by 
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Figure 3.  Murphy’s final version of NOS concept map. 
 
noting that facts are the more obvious and immediate observations that one can make: “A 
fact and it would be like, ‘this is a pencil,’ and, ‘that color is blue’.”  In comparison, laws 
involve more general predictive descriptions of the world.  At this point in his 
explanation, he is asked does science concern most with, theories or laws.  To which he 
“science is going after truth, the truth about everything around us.”  
During the exit interview, Murphy makes fewer explicit statements regarding the 
tentative concept in this stage than in others, but implicitly he continues to suggest that 
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science is progressive. That is, while science changes, it changes in ways that make its 
knowledge lead directly towards truth.  Although he will continue to state that science is 
tentative in the knowledge which it produces, Murphy is confident that such knowledge 
described in a textbook, in class, or directly stated by a scientist is mostly correct. 
Murphy’s concept map and his explanation progresses and his score on the 
concept map increases as the unit on waves continues.  Murphy decides that “facts” are 
not something that directly follows from the scientific process, and he thinks of it as a 
progression resulting from it.   “Facts – when I think of facts I don’t really think of all the 
sciences containing it.”  Murphy describes fact, as it is reflected in what he calls “laws” – 
what science can ascertain. By making the connection between facts and research 
Murphy increases, as shown in Table 8, the connection of terms in the concept map, 
leading to a boost in the total score. 
Table 8   
Murphy’s Final Version of NOS Concept Map Score 
Relationships 18 
Levels 9 
Branches 6 
Cross-links 9 
Total score 42 
 
Although at first glance it seems that this is a result of Murphy’s impression that 
science is a result of experimentation and testing, Murphy also puts a great deal of merit 
in the idea that supposedly smart people produce scientific knowledge, making it 
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especially credible.  This might seem to be a contradictory view for someone who 
believes in a discovered nature, since it would seem that a directly discovered nature 
would be less apt to reveal itself to only the smart scientists.  This conception is also the 
result of Murphy’s conception of a discovered (rather than created) description of nature.  
That is, Murphy conceives that there are facts of nature which can be directly verified and 
proven.   
Juxtaposed to the concept that science can uncover all truths, Murphy suggests 
“science is not predictable, and cannot tell us what happens in every situation.”  This also 
contradicts the notion of a scientific body of knowledge that could be testable and 
understood through experimentation.  It seems that the kind of science that Murphy 
subscribes to (one that is predictable, testable, etc.) and the kind that he might promote in 
the classroom context (that strange things can sometimes happen, without explanation) 
can be different.  
Murphy’s view of the tentative nature of science seems to remain consistent 
throughout all probes and stages.  Tentativeness, for the most part, is ascribed to 
historical errors and is mostly done away with in light of modern science and its use of 
technology.  Also, the authority of scientists speaks to Murphy and his values.  After all, 
his view of science is that, “science is going to save us from catastrophe on a global 
scale, and it would be difficult to place such a responsibility upon science without having 
faith in its knowledge.”  However, although Murphy feels comfortable with most of the 
knowledge produced by science, some knowledge might seem less valid to him, based on 
his own beliefs.  
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During the Post VNOS/VOSI-PHYS interview, Murphy is asked to consider a 
situation of how scientists could use creativity in an experiment to demonstrate in front of 
a class the speed of light.  Asked what he would do, Murphy gives a surprising response: 
“I would say that science is not predictable, and speed of light cannot be directly 
observed.”  When asked to describe more about his own handling of the situation, 
Murphy repeats the notion that “science is not predictable,” most likely in reference to 
the practicalities of doing a demonstration and the many factors that might be involved.  
Still, Murphy does not clarify this point and suggests that it would be a statement that he 
would make to his students.  
Murphy goes on to describe the situation as one that would be somewhat baffling 
to physics students, but something that he would try to use in the spirit of the lesson.  “I 
might ask them, why they think we still cannot develop the perfect experiment to 
measure the speed of light?” He cannot think of any other extensions that might be done 
for properly calculating the speed of light, although he would try to back up his statement 
that “science isn’t predictable” with examples, if he had some that immediately came to 
mind, and none did during the interview. 
By this point in the interview series, Murphy is keenly aware that I keep asking 
him some of the same questions.  When I ask him, “What is science?” he notes how he 
has heard this before and quickly recites his definition that science is “the systemic study 
of the natural world; it is always changing.  It might be science is using data in order to 
better understand the phenomenon of the natural world.”  Likewise, on his final 
questionnaire, Murphy writes that science is “using your senses to find out about the 
world around you,” and that “science is about gaining knowledge about things once 
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unknown.”  At the end Murphy is able to show his growth in regards to the nature of 
science in his responses.  
Murphy – Synopsis 
Since Murphy did not undergo a conceptual change that a teacher or researcher 
might desire, I will reflect on the general conceptions that Murphy holds on to, and these 
conceptions will be returned to in the following chapter in consideration of the 
comparison of the four case studies.  
First, Murphy at times responded differently to different probes, reflecting two 
different conceptions.  For example, Murphy is adept at defining science when asked 
explicitly to do so, but in more implicit descriptions of science, I see a much different 
understanding from what is initially recited.  Based on Murphy’s own admission that he 
got his definition of science from the first day of the unit, it looks as though Murphy can 
state one thing but really understand something not necessarily in tune with his recited 
description.  
Second, not only can Murphy describe the same concept in different ways, but 
such descriptions can actually contradict one another without his apparent awareness of 
such a fact. Thus, Murphy can describe science to be tentative, a process, and a way of 
understanding, but he will largely emphasize notions of science being static, a product, 
and an ultimate source of knowledge.  
It is necessary to remind the reader that these case studies were meant to show the 
conceptual change in NOS conceptions.  However, for Murphy (and for the other case 
studies as well), the big changes in conceptions (accommodation) that might be 
anticipated (or at least hoped for) in Murphy’s conceptual framework do not take place in 
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relationship to Chi’s description (1992). This is true not only in terms of “what” Murphy 
knows but also in “how” he justifies his conceptions.  In other words, the fact that the 
ontological aspects of Murphy’s NOS concepts do not change a great deal seems to be 
the result of the fact that the rest of his conceptual ecology does not undergo change 
either.  Rather, Murphy is confident in his NOS conceptions because he has a rich 
conceptual ecology which supports such ideas.  A particularly clear example of this is 
how Murphy justifies and defines science through his want for it to promote, protect, and 
generally benefit humankind. 
Even though there is not much in terms of conceptual change to document, 
Murphy is fascinating in his contradictions – contradictions that he is apparently not 
aware of.  The following case studies show some similar traits, as well as some stark 
differences.  
Tracey: Careful Deliberation 
In general, Tracey is quiet, keeping a low profile both in and out of class. Tracey 
is careful in most everything that she says, often preparing her responses to my questions 
during long pauses.  Many times she would ask me explicitly what it was that I was 
trying to get her to say, or what it was that I was trying to find out.  Tracey was often 
more than a little concerned that her responses might not be useful information for my 
study.  
This desire to be correct seemed to be supported by Tracey’s general 
thoughtfulness.  Tracey was very reflective and, despite early appearances, really enjoyed 
her participation as a case study.  Her case suggests that much of the nature of science 
can be better understood if one is forced to explain ideas explicitly.  
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Tracey, as she was in agreement with this description, was very comfortable with 
the coursework, and compared to other students, she scored high on her lab grades and 
the unit test.  In interacting with Tracey in interviews, she seemed to have a much greater 
capacity to understand difficult concepts than any of the other case study participants and 
certainly seemed to have more aptitude than her grade would suggest.  Tracey was a 
dedicated student, often asking me to help her with her other education course work. 
Tracey’s desire to be a teacher has been partially supported by her working with 
and observing an excellent teacher at her middle school internship.  She describes how in 
that particular classroom, science was presented as something that children can do for 
themselves and have fun with – in fact, investigations were integrated into their other 
classes.  This contrasts with the science education that Tracey experienced in her own 
elementary school: “We read from the book and answered the questions.  That’s all we 
ever did.  We never got the experience of doing actual science.”  Tracey realizes that 
there is more to science than this, and that there is merit in teaching science in an 
interactive and fun manner. She anticipates that the activities and portrayal of science 
advocated in the optics unit and conceptual physics class will be the kinds of things she 
would like to use in her own classroom.  
While confident in her ideas, Tracey is soft spoken and careful with her words. 
Eventually Tracey outwardly appreciated some of my jokes (some, certainly not all) and 
could even poke fun at my attempts to introduce humor into the interviews.  She did, 
however, realize that there was more to my research than just looking for friends, and she 
followed through in helping to provide data that suggested rich conceptions of science.  
These conceptions were negotiated through her own conceptual framework, of which the 
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following points should be prominently considered when unraveling the sources of 
Tracey’s NOS understandings:  
1. Reflecting on previous experiences with science, she read from books and 
didn’t do actual science.  “My teacher made us read the textbook, but I did 
not do many activities or labs.”  
2. Tracey is eager to show science to her students in a more active way, 
similar to what was modeled during this physical science course. “When I 
start teaching, I will have my students perform many labs related to the 
class topics.”  
3. Although outwardly reserved, Tracey is thoughtful and displays a high 
capacity for learning: “Sometimes I just want to talk to some science guys 
and say, ‘this is what I learned today; what do you think of this?’” 
These points surface throughout the following descriptions of Tracey’s responses 
to probes, and they will be useful in the analysis to follow.  
Stage1: Tracey’s Conceptual Framework at Start of Wave Unit 
The probes used on Tracey during the start of the wave unit are identical to those 
described for Murphy and other participants.  As with the other participants, Tracey’s 
conceptions turn out to be much richer than any survey or questionnaire could ever 
capture. 
To Tracey, science is a process of asking questions and figuring out answers to 
these questions, and in the process one would inevitably explore “new ideas, concepts, 
perfecting old ideas and learn from mistakes.”  Tracey emphasizes the possibility of 
making a mistake in both her questionnaire and in her interviews, pointing out that it is 
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only through mistakes that we can learn, and presumably science is basically a process of 
learning.  As an example, Tracey refers to a friend of hers who does research on how 
different chemicals react to produce plastics.  Usually, “chemicals are mixed to produce 
compounds that could be used to create materials we use every day” and that is how my 
friend learns exactly how chemicals produce things we use every day.  
As for why people do science, Tracey first notes that we are “curious of why 
things work.” Via this curiosity according to Tracey, “we naturally want to pursue 
explanations and then share such information with others.” Beyond this, Tracey does not 
mention any other reasons. The process of pursuing such explanations is less 
standardized than other pursuits, and she cites math as an example of something that has 
a prescribed method for solving problems. In science, however, things are less 
standardized in terms of exactly how one finds answers, even though there exists a 
scientific data gathering and analysis: “Data analysis could involve several steps, such as 
performing a calculation or graphing data.”  
In all of these descriptions of what science is and what it does, Tracey never 
describes any purpose or aim beyond just creating explanations out of curiosity.  This 
feature of her conception of science will set her apart from other case study participants’ 
conceptions of what science is supposed to do.  Also, Tracey’s conceptual framework 
stands out because of the lack of any notion that science needs to be useful or work 
towards some goal. Rather, the purpose of science for Tracey is simply to work towards 
the quenching of some natural curiosity.  As Tracey puts it, “if I am curious about why 
we perspire, then I would do research on the topic, and then read what scientist have 
written about it.”  This would be in direct contrast to the previous case study of Murphy.  
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Tracey sees the process of science as being analogous, if not equal, to the process of 
learning.  This is reflected in many aspects of Tracey’s conceptual framework and will 
continue to be seen throughout the remaining two stages.  
Like all the other participants the beginning of this stage is marked by the 
instructions for concept mapping, something that does not go unnoticed by Tracey.  
Tracey is especially concerned that she is not doing the concept map correctly, asking for 
more details as to how I want the words arranged (e.g., chronologically, according to 
similarity, etc.).  “I know I have these words, how am I going to place them is an 
interesting task at hand.”  Tracey gets to work on the task at hand by concentrating only 
on the NOS words for connection adding words that came to her, Figure 4.  Her initial 
score on the concept map is six, as shown in Table 9. She has few relationships between 
the terms, but no cross-links.  I tell her, “Whatever you think is appropriate.”  Later on 
she continues to add words and the concept map grows into what Tracey understands as 
connections between NOS terms. 
 
Figure 4. Tracey’s pre-participation NOS concept map. 
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Table 9 
Tracey’s Pre-Participation NOS Concept Map Score 
Relationships 8 
Levels 3 
Branches 4 
Cross-links 0 
Total score 15 
 
The Pre-VNOS- PHYS statements Tracy responded with contained some 
interesting answers, Table 10.  From the responses to the questionnaire, Tracey agreed 
with the creativity scientists must undertake to design and experiment and explore 
answers about tough questions.  Some of Tracy’s answers were rated as naïve, but many 
were in the transitional mode of understanding the nature of science.  
In her responses to all ten questions, the creativity in science and those who teach 
science stands out for Tracy. The first distinction that Tracey must make is the different 
roles of a scientist.  When she thinks of a scientist at first, she considers someone in a 
teaching position and comparing a teacher who simply teaches from a text versus a 
teacher who can convert “abstract ideas into concrete images.” When I ask her to think of 
the “Do scientists use their creativity and imagination when doing these 
experiments/investigations?” Tracey responds with her typical insight: “I can’t think of 
what else it would be besides creativity. I think the creativity mostly comes in the 
planning and design phase.”  
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Table 10 
Summary of Tracey’s Views on Nature of Science at the start of wave unit 
Pre-VNOS 
Questionnaire Summary of Response 
Views on Nature of 
Science 
#1 • Science is process of studying things 
around us, developing new ideas and 
perfect the old ones 
Transitional view 
#2 • The purpose of an experiment is to answer 
the question 
Naïve view 
#3 • A theory is explanation of why something 
occurs  
• They change over time  
Transitional view 
#4 • Laws are essentially summaries of series 
of experiments  
• It probably should not have error 
Transitional view 
#5 • There are some general rules that need to 
be followed  
• Not every scientific investigation will 
follow the exact steps 
Transitional view 
#8 • I’m really don’t know how certain 
scientists are about specific numbers 
Naïve view 
#9 • Different conclusions are possible in a 
scientific experiment because the scientists 
themselves must analyze the data and form 
a conclusion 
Transitional view 
#10 • Scientists must use creativity and 
imagination to perform experiments. I 
can’t think of what else it would be besides 
creativity 
Transitional view 
 
Viewing science as learning, Tracey emphasizes that “science is a process which 
asks questions and then continues to explore such.”  Science is remarkable in that it does 
ask questions, perhaps more than the fact that it attempts to answer such questions.  She 
also shows this when creating her concept map at the beginning.  She is meticulous about 
where the terms must be in order for them to connect appropriately.  Still, inherent in this 
process of designing the concept map is some kind of product: knowledge.  Again, this 
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equates well to the analogy that Tracey uses science as learning. This knowledge, 
although emphasized in one probe, is far underplayed in comparison to Tracey’s 
emphasis on the process of science.  
For the developmental statements of the Pre-VNOS-PHYS, Tracey’s conceptions 
may have been less advanced.  Tracey will readily agree that scientific knowledge could 
have errors because for her, this is all part of the learning process: “You have an idea and 
then you go and share it with other people then they can work together as a group and 
somehow make that knowledge into a law.”  
However, once such knowledge attains that status of “law,” Tracey feels that it 
should not have any error in it.  The idea of scientific knowledge as tentative is agreeable 
with Tracey, so long as the knowledge itself is somehow still under development.  Once 
it reaches some mature stage, what she might refer to as a law at this point, it should no 
longer be mistaken.  Laws must be unchangeable; although, there could be other pieces of 
scientific knowledge that can still change because they have not reached the status of law 
yet.  
Due to Tracy’s carefulness and reflective nature, this is shown every time a 
question is asked of her by taking few seconds to respond to it, her conceptions of science 
were already developed.  Further, the justifications behind Tracey’s conceptions seem to 
come to light, as elicited by the previous probes.  Tracey views science as a way of 
discovering the true fundamentals of nature.  In order to do this, many paths can be taken, 
although Tracey never suggests any path that is deviant from those based on empirical 
evidence, experiment, and inference, just that the idea of a single scientific method is a 
misnomer.  Still, Tracey seems most comfortable with the idea that the knowledge 
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produced by science is not created but should directly reflect the world as it truly is.  This 
may relate to Tracey’s comfort with science-as-learning, and considering that when we 
learn something (as in the classroom), the information that we produce directly reflects 
some other, already ascertained, knowledge.   
In the middle of the above discussion of the tentativeness of scientific knowledge 
Tracey further clarified her responses during the first interview.  At first, Tracey responds 
that accepting the value given in the textbook for the speed of light is better than the 
alternative: her designing the experiment and measuring the speed of light, but she 
becomes more convinced that the number is “reasonably close” once it is shown that it is 
derived in a systematic manner, utilizing tested laws and relationships.  Still, Tracey 
notes that it, like other measurements, can still require some adjustment.  
Unconsciously, Tracey contradicts this idea by suggesting, “Scientific knowledge 
(specifically laws) is voted on by a group of scientists in order to be considered known.”  
This process itself – if such existed – would suggest that the knowledge of science is 
more created by humankind than it is discovered.   
The idea of a tentative knowledge produced by science is hinted at only slightly 
by Tracey. Keeping the learning analogy, she acknowledges that “mistakes should be a 
part of science, as they are in any learning process for all students.” This idea is probably 
what prompted her to agree with some of the tentative statements on the Pre-VNOS-
PHYS. However, even though mistakes are possible, Tracey still envisions “a science 
which converges upon a correct answer.” This is reflected in Tracey’s description of a 
scientific law: that which is in some finalized form, as determined by a democratic group 
of scientists.  
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Stage 2:  Tracey’s Conceptual Framework for Post Wave Unit 
This stage allows Tracey to think back on her past experiences as a middle school 
intern as well as her experiences this semester in the course and in a case study. Tracey 
does well in utilizing both of these perspectives to form her views of teaching science. 
Unfortunately, the overall effect that all of this has on Tracey’s views of science is likely 
not as dramatic as one might have imagined. 
In her final interview, Tracey is dubious when considering how scientists could 
use creativity in an experiment to demonstrate the speed of light. Tracey accepts that a 
piece of dust or some other small but unforeseeable anomaly could throw an experiment 
or demonstration awry, and that will have different results on students and confuse them. 
Tracey explains that, for students who are old enough to think more critically and 
go through some problem-solving steps seeing how an experiment on speed of light could 
be done would be great.  Yet she is hesitant about creativity of science for this 
experiment, but Tracey can see it for others: 
I think one of the best places to think about this is to look at is the atom. I 
mean here we are talking about something so small that especially when 
first it was studied there was no way to even remotely get close to looking 
at the atom on that scale.  So scientist had to come up with experiment at 
the scale they could work on that would somehow tell them information 
about the atom and give them information of what they were looking at. 
Tracey does not have anything else to suggest in this situation, but her solution to 
the creativity problem does suggest that she places at least as much value in the process 
of forming hypotheses and problem solving as she does on the science content that she 
would have been trying to teach in the lesson.  
Many of Tracey’s explicit descriptions of science have stayed relatively consistent 
throughout the duration of the research.  At the end of the optics unit in the course, 
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science for Tracey “involves questioning; WHY? Is the most common question.”  The 
answers to such questions are determined through observation and the use of 
experimentation.  
In addition to this, though, is the idea that “science involves everything that is 
around us, and I wonder if you could safely say that science is the subject that links all 
the other subjects together?”  Tracey suggests this out loud during our last interview and 
then remarks, “scientists use math, are open-minded like artists, and deal with the 
creation of things.”  She is seemingly referring to physical objects rather than theoretical 
entities, and as she said “it is similar to how musicians deal with the creation of music.”  
In addition, she continues, “medical professions use science, and verbal and writing skills 
are necessary to do science.” Tracey is thinking out loud, describing connections that 
science has with other means of generating knowledge.  In Tracey’s view, then, science is 
an essential producer of knowledge, inseparable from other knowledge producing 
mechanisms.  
Consistent with this, Tracey says that the purpose of science is basically to 
produce knowledge, providing explanations for those who want to know.  In addition to 
this, Tracey hints that importance behind teaching science is not only to provide 
explanations and knowledge, but to give students skills in thinking and asking questions 
which will become valuable not just for conducting science, but in all thinking and 
problem solving. 
The probes, concept mapping and questions regarding NOS, intrigue Tracey and 
pique her interest in the project.  As she contemplates the relevance of making a concept 
map and answers to the daily questions, she always wonders what kinds of answers I am 
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looking for and always seems a little unsure that her responses could possibly mean 
anything to me.  At times, I wonder these same things, but once viewed in hindsight, 
there are many things to take away from Tracey’s responses to these probes. 
Tracey creates a structure in the concept map that shows the connections between 
all the terms as shown in Figure 5. The structure’s backbone is a string of terms that 
describe science. Science is associated with ‘change,’ dynamic in nature than other 
subjects. In between science literacy and science is “creativity.”  Both science and 
science literacy, according to Tracey, rely on and lead towards this truth.  For science to 
lead towards truth, a scientific method is required, which is reflected by the column 
attached to the science side of this structure.  
Tracey’s concept map lists the laws and theories on the all the way to the bottom. 
In the post interview she told me in her science classes laws and theories are similar, both 
providing explanations.  In class it was suggested that these were testable but represented 
a very strong explanation (rather than a speculative one) of how nature operates, based on 
evidence.  Tracey recites what was stated in class but then – without pause – makes a 
contradictory statement: “A theory becomes a law,” as though it is a different kind of 
thing or stage.  Further, Tracey suggests that laws are not tentative; referring to some 
board of scientists that decide what becomes scientific law.  Tracey makes this clearer by 
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Figure 5. Tracey’s final version of NOS concept map. 
moving the “law” term so that it is slightly separated from “theory” on the concept map.  
It is interesting that Tracey associates ‘changeable’ with science, but considers ‘law’ to 
be so static. It appears that science does change and progress, but at some point Tracey 
sees this as reaching an ending, what she calls a scientific ‘law’.  
Tracey’s final concept map, which was based only on NOS, had a high score of 
fifty as shown in Table 11. Even though Tracey did not have any cross-links, she 
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perceives several distinct relationships among the NOS terms such as creativity, laws, 
theories, etc.  Her in-depth understanding was shown by the high level of branches the 
were all connected to science, and this she attributes to deeper thinking about the NOS 
more the physics content during the unit. 
Table 11 
Tracey’s Final Version of NOS Concept Map Score 
Relationships 36 
Levels 4 
Branches 10 
Cross-links 0 
Total score 50 
 
Using the concept map as a probe showed Tracey at her most thoughtful, further 
emphasizing and supporting the concepts that are reflected in Stage 1.  Although this 
probe solidifies our understanding of Tracey’s conceptual framework, it also continues to 
support the fact that Tracey can hold on to competing conceptions, stating (explicitly) one 
idea but reflecting (implicitly) other ideas about the nature of science.  
For Tracey, science continues to be a process which produces knowledge for its 
own sake, even though she may sometimes personally question such a purpose (as she 
does when differentiates between theory and law on here concept map).  As explained by 
Tracey, “the pursuit of understanding for its own sake is a reasonable attribute of science 
since it is a reasonable attribute of learning in general.”  (One should add this is a 
reasonable view of science from the perspective of a science educator as well.)  Tracey 
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only hints at contradicting this when describing how “scientists understand the difference 
between theories and law, and they are developed by the scientific community 
emphasizing the goal of functionality over the understanding of scientific explanations.”  
Admittedly, this is likely the result of the instructional goals of the refraction lab more 
than it is a direct reflection of Tracey’s understanding of science.  
What is particularly interesting in Tracey’s conceptual framework is her 
understandings of how science produces knowledge and the nature of the knowledge it 
produces. Tracey does not contradict anything that she emphasized in stage A regarding 
scientific knowledge as being discovered, and it can be presumed that she still has these 
views.  At the same time, Tracey can still imagine that “scientists get together to decide 
on what the official scientific knowledge will be.”  Tracey also is able to make very 
explicit the idea that “science and science literacy are quite distinct”, but she also 
imagines that they “describe a common truth.”   
The learners who suggest most prominently that science is the knowledge 
produced by scientists or is in science texts seem to also suggest that science has a certain 
usefulness and direct application in our lives.  This theme of what science entails 
considers what the learner perceives science’s purpose to be.  Tracey does this most 
explicitly, and she consistently describes science “as something which asks questions and 
seeks explanations and science’s purpose is only to be to understand, rather than to have 
usefulness.” 
Tracey’s pre and post wave unit understanding of the tentativeness of scientific 
knowledge are similar, but made more explicit.  Still associating science with 
“changeable,” Tracey does not recognize the contradiction that she produces when she 
136 
 
considers laws to be final products of science.  In a similar vein, she views theories “as 
tentative” but seems to suggest this only because according to her “theories describe 
entities that are not so well understood as that which laws describe.” This will continue to 
be apparent in the last stage.  
While Tracey was especially metacognitive, or developed higher order thinking, 
about what she understood and what she was confused about, she would not have been so 
if she had not had the opportunity to become aware of the concept at hand at the outset.  
That is, concept awareness is even more crucial than metacognition.  While she was 
probably not as actively and continually reflecting on the variety of probes she was still 
willing to think through concepts thoroughly during the interview sessions. Once a 
concept was pointed out to her, she would actively consider it and make sense out of it.  
Tracey did this in considering creativity in science and if it was used to produce scientific 
knowledge: “In order for scientists to come up with any kind of experimental procedure 
or steps they are going to have to be creative in order to look at all the variables that you 
have to test…you have to be creative in order to come up with practical ways to test 
those.”  Even though Tracey did not hold on to this creativity concept throughout all the 
probes, she was able to grapple with it when it was presented to her explicitly.  In other 
words, Sarah could make sense out of the concept once it was posed to her and she was 
able to cognitively deal with it and what it must mean.  
Throughout the interviews, Tracey often asks if one particular question has 
something to do with another question that might have been asked in a previous interview 
session.  This seems to reflect the fact that Tracey does in fact continue to recall back on 
what the probes have been and what they mean.  She outwardly wonders what kind of 
137 
 
information I am looking for, but also shows signs that she has become increasingly 
aware of her own conceptions as a result of the interview probes.  
Tracey’s Post-VNOS-PHYS questionnaire responses give much insight into her 
conception of NOS, which helps in answering our second research question if there was 
conceptual change.  She suggests that “I began to think more deeply about the nature of 
science in regards to the class,” and it has shown on her answers as they became more 
informed about the topic.   Trying to imagine what Tracey was thinking in these 
responses is difficult, though my own first guess is that she responded in a transitional 
manner to many of the statements which seemed to force the reflection upon multiple 
perspectives by Tracey.  With her clear and descriptive answers to the questionnaire, and 
her understanding of the study, Tracy moved from transitional view on the subject of 
science, theories, laws, and creativity to an informed view (Table 12).   
Tracey holds on to her conception that emphasizes the process of science and 
nature of the production of scientific knowledge.  In reflecting upon her own classroom, 
she said “I will incorporate the nature of science in classes that I teach”, so there may be 
evidence that Tracey will emphasize the knowledge produced by science over the 
processes it uses, but it is still clear that Tracey understands “science as primarily a 
means of coming to understand the world, a way in which to learn.” 
Tracey distinguishes the way of knowing of science from other ways of knowing 
– most notably and explicitly from art and history classes.  However, there is a deep 
connection in the ways of knowing when her personal views come into play.  This is 
shown in the concept map as Tracey places the theories and laws away from other 
science terminology.  Tracey continues to state that scientific knowledge is changeable,  
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Table 12   
Summary of Tracey’s Views on Nature of Science Post Wave Unit 
Post-VNOS 
Questionnaire Paraphrases of Response 
Views on Nature 
of Science 
#1 • Science is process of studying the natural 
world  
• Through our observations and through 
performing specific experiments in a way that 
is controllable 
Informed view 
#2 • The purpose of an experiment is to answer the 
question  
• Scientist would need a purpose for the 
experiment  
• Scientist could use a steps by step process 
Transitional 
view 
#3 • A theory is explanation of why something 
occurs  
• Allows you to predict what would happen in 
different situation  
• They change over time  
Informed view 
#4 • Laws are generally agreed upon there is not 
much dispute about laws because it is based 
on observation  
• Laws are tentative and explain what is 
happening 
Informed view 
#5 • There are some general rules that need to be 
followed  •  It has a tested procedure that 
scientist can use and perform the same test 
and see if they get the same results 
Informed view 
#8 • There have been multiple measurements by 
different scientist  
• Proper average and accepted standard 
deviation is needed for accuracy  
Transitional 
view 
#9 • Different conclusions are possible because of 
scientist background   
• Creativity is used to analyze the data  
• Personal bias is left out 
Informed view 
#10 • Scientists use creativity and imagination to 
perform experiments  
• Collaboration helps in creativity 
Informed view 
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although other indicators suggest that she has only a limited view of this precept of 
science. Tracey does hint that scientific laws may be able to change, if there is some 
revolutionary challenge brought on by new evidence and person, such as Louis Pasteur. 
For the most part, however, Tracey’s views of laws continue to reflect a kind of solidified 
knowledge that directly reflects nature. 
For NOS concepts in general, Tracey reflects on the interviews and questions of 
the case study and as she states it “how they have made me think more deeply about 
science”.  Even though there is not a specific concept to tie to this deeper consideration, 
i.e. it cannot be identified how one particular NOS conception changed to another, it 
seems reasonable that this deeper appreciation for these concepts would at least be useful, 
if not necessary, for the development of NOS conceptions.  If this research has produced 
no other good, it has made Tracey understand more deeply what science is and how it is 
to be taught in the classroom.  
Given some possible confusion with some of the developmental statements, the 
movement from transitional to informed views reflected the concepts that scientific 
knowledge is tentative.  However, Tracey also responds with “agree” to the statement, 
“The truth of scientific knowledge is beyond doubt,” (Table 12).  It is difficult to imagine 
how one can have the tentativeness of science understood given this response, as well as 
other response to other probes.  
The conceptions reflected by Tracey in pre and post wave unit continue to be 
supported in this stage with a variety of probes.    At the same time, some hints of 
conceptual change seem evident.  If nothing else, Tracey makes it clear that the probes 
utilized in this research have made her reflect more deeply on NOS concepts. Tracey 
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distinguishes the way of knowing of science from other ways of knowing – most notably 
and explicitly from art and history classes.  However, there is an entanglement of ways of 
knowing when her personal views come into play.  This is shown in the concept map as 
Tracey places the theories and laws away from other science terminology.   
For NOS concepts in general, Tracey herself reflects on the interviews of the case 
study and how they have made her think more deeply about science.  Even though there 
is not a specific concept to tie to this deeper consideration (i.e., it cannot be identified 
how one particular NOS conception changed to another), it seems reasonable that this 
deeper appreciation for these concepts would at least be useful, if not necessary, for the 
development of NOS conceptions.  If this research has produced no other good, it has 
made Tracey understand more deeply what science is and how it is to be taught in the 
classroom.  
Tracey continues to state that “scientific knowledge is changeable,” although 
other indicators suggest that she has only a limited view of this precept of science.  
Tracey does hint that scientific laws may be able to change, if there is some revolutionary 
challenge brought on by new evidence and person, such as Louis Pasteur.  For the most 
part, however, Tracey’s views of laws continue to reflect a kind of solidified knowledge 
that directly reflects nature. 
Tracey – Synopsis 
Tracey’s conceptions are sophisticated.  She probably has the most “correct” view 
(in light of science education reform standards) of what science is and what its goals are 
(and are not) of any of the case study participants.  However, the conceptions which are 
nestled in among Tracey’s correct conceptions are especially intriguing.  
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Tracey wants to view science as directly reflecting nature, as a discovery.  Yet at 
the same time she envisions a democratic process in which scientists determine the 
validity of natural laws through some social enterprise.  Also nestled together are the 
ideas that scientific knowledge is tentative but that it must have final answers as well.  
This contradiction seems to come from (or at least be related to) two of Tracey’s other 
conceptions: that nature is discovered (and thus, reveals herself to us accurately) and that 
doing science is just a learning process (and thus, there must be “right answers” in the 
back of the book). Tracey can hold all of these conceptions, some of them contradictory 
to one another, because she seems to recognize only certain relationships between 
conceptions (e.g., discovered nature connotes immutable laws), but not others (e.g., social 
endeavor of scientists does not connote discovered nature).  
As it was for the previous case, large scale ontological conceptual change is 
elusive for Tracey, what she specifically needed was not recognized until after the post 
interviews were performed.  While she continues to ponder and consider ideas regarding 
the nature of science, most of this is done in order to simply discover for herself what it is 
that she thinks, rather than change any of these existing ideas.  This thought process is 
something that Tracey is aware of, as she reflects on the fact that the interviews have 
been the impetus for her more thorough consideration of what science is.  However, 
perhaps because Tracey’s views are never challenged appropriately, so she never seeks to 
produce new explanations but continues to add to previous understanding.  
A conceptual change which is more apparent in Tracey is in her way of thinking – 
“how” she thinks rather than in “what” she thinks.  As a result of considering NOS 
concepts, Tracey develops a metaphor for science that becomes useful to her: science as 
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learning.  Using this metaphor and attitude Tracey is able to develop a way of thinking 
about science that determines specific nature of science concepts. 
Sarah: “I guess so” 
Often we consider the admission, “I guess so,” as a personal weakness or 
signature of a less able mind.  In the case of Sarah, this repeated statement reflected the 
fact that the ideas I was posing were entirely new to her and that she did not know how to 
express her own ideas because she had never had the opportunity to reflect on and 
articulate them before.  In some sense it is nice to hear someone explicitly state that they 
are not sure of what to think or say before they hazard a guess.  Sarah is interesting in her 
consistent awareness that ideas related to the nature of science are entirely new and 
heretofore personally unconsidered.  On the other hand, Sarah seemed to generally lack 
confidence in many of her ideas, which may have been a result of her personality as 
much as it was a result of the ideas she was trying to present.   
Sarah, like Murphy and Tracey, tends to sit in the back of the classroom, attentive 
but inconspicuous during class.  She has the least confidence in her abilities, especially in 
science, compared to the other three case study participants.  Sarah would say, “I enjoy 
science a lot, but I at times I am slow to learn it.”  Sarah also made the claim that “I was 
told in high school that a chemistry course would be too hard for me to take, since I do 
not have a strong math background.”  She also notes, “I had a hard time with a general 
college level biology course, particularly in regards to genetics and other less familiar 
material.”  Reflecting on these experiences, Sarah admits “at times I am afraid of the 
content covered in science courses, and I am hesitant about taking science subjects that 
require hard math like calculus.”  She is enrolled in this particular course because it 
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fulfills a requirement for certification in the secondary education program.  On the other 
hand, she would also tell me “I have taken some astronomy courses that I enjoyed very 
much, and I understood the matter easily.”  She also did well in them, and she thinks that 
incorporating some astronomy at the high school level would be fun for students as well.  
Sarah’s lack of confidence in her science abilities seems to be an artifact of a 
more general lack of self-efficacy.  In interviews, Sarah generally kept her answers to 
probes very short and with little detail.  In many cases, Sarah would laugh off an answer 
and simply express, “I don’t know.”  This type of response seems more comfortable for 
Sarah than trying to tackle an issue or concept that is generally unfamiliar to her.  It 
seems, as she would say “I have a fear of being wrong, and sharing my answers?”  More 
importantly, she does not show any need to cognitively wrestle with new ideas that are 
brought to light in the interview sessions. However, it is always possible that Sarah is 
thinking more than she may be either able or willing to describe in interviews, since she 
often keeps her answers and descriptions very brief, even when allowed or asked to 
expand upon them. 
Of all the case study volunteers, Sarah seems the least sure about her future.  She 
is taking courses in order to finish the secondary education program and imagines herself 
teaching ninth and tenth grade science.  What the future holds for Sarah is still up in the 
air, although she envisions herself as a teacher before any other career choice.  Sarah 
imagines herself teaching high level grades, although she never makes it especially clear 
as to why she wants to teach at this level, or even why she wants to teach in general, 
making the view of her future even more clouded.  
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In summary, Sarah’s conceptual framework displayed the following prominent 
features. As with the other case study participants, there existed specific features that 
shaped her ideas regarding the nature of science:  
1. Sarah shows low self-efficacy, is not sure of her own ideas, and looks for 
simple and brief answers rather than thinking through unfamiliar concepts. 
For example she would say “I do not get science,” or “it is confusing.” 
2.  In previous experiences in high school and college, Sarah has felt 
alienated from science curricula.  She would tell me that “I feel most 
comfortable with the notion of teaching geology or astronomy lessons as 
opposed to chemistry or biology lessons in a future classroom, for these 
topics were more sensible to me in previous classes.” 
Stage1:  Sarah’s Conceptual Framework at the Start of Wave Unit 
Sarah’s lack of experience and consideration of understanding the nature of 
science is immediately apparent, as reflected by the following probes.  This made Sarah 
an appealing individual to use as a case study, as her lack of confidence in her own initial 
ideas and watching the development of these ideas promised to be an interesting study of 
conceptual change in an individual.  
Sarah notes explicitly that “I am taking this course so that I will know how to 
teach my future students what science is, how it works, how people relate to it, and how it 
affects the environment.”  This is a rare instance in which Sarah emphasizes anything 
about the processes of science and the definition of science.  In most other cases, Sarah 
describes science in terms “of what it knows”, describing it as “the study of the Earth 
around us, how things work.”  Sarah is reflecting her own emphasis of science as being 
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the “knowledge that is generated by science.”  Even more specifically, Sarah shows her 
own bias towards learning about Earth systems science rather than biological science or 
some other domain of science.   
When considering why we do science, Sarah seems apologetic that she cannot 
think of anything especially definitive.  She notes that “there are a lot of things to figure 
out” and that we are “curious,” but she emphasizes that she really does not know, and that 
she is only proposing a “guess.”  Sarah also suggests that we might want to know “why 
things happen” so that we can be “ready for something,” but does not offer any specific 
examples.  As far as teaching science is concerned, Sarah notes primarily that “scientific 
topics are intrinsically interesting to elementary school students, though I do not suggest 
any utility beyond this natural inclination.” This could be due to Sarah’s lack of 
confidence in her ideas as it continues to be apparent through the different probes.  This 
becomes especially clear as the probes become less straightforward questions and more 
inquisitive in nature.   
In creating a concept map, Sarah seems somewhat daunted by the task of 
organizing terms in any fashion, as she suggests that “I really am not sure what to do.”  I 
try to assure her that there is no right or wrong answers and that she is welcome to throw 
out any terms she does not want, add terms she does want, and just generally talk through 
the relationships between the terms as she sees fit.  Sarah’s early concept map was simple 
with few relationships made between the terms (Figure 6), yet still it was more complex 
than Murphy’s. Her score based on the Hemler (1997) rubric on the concept map before 
the wave unit started is summarized in the Table 13.  She shows two cross-links that 
indicate the aspects as being interrelated (Figure 6).  Regarding the cross links in the  
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Figure 6. Sarah’s pre-participation NOS concept map. 
concept map, Sarah tells me during the interview, “I was just placing the terms anywhere, 
because that is the way I see them right now.” She places them anywhere but with no 
justification for their placement, and this could indicate a weakness of the concept 
mapping scoring technique in that I did not continually stress the need to design the 
concept maps vertically. 
One aspect of Sarah’s concept mapping task that is consistent is her omission of 
three terms: “stable,” “progressive,” and “changeable.”  These three terms all relate to the 
tentativeness of scientific knowledge.  The fact that Sarah leaves them out of the concept 
map seems to suggest that she does not actively consider what these terms have to do 
with science.  According to Sarah, “Some of these terms go together, and others I don’t 
see the use for them.”  So, even if Sarah were to show a conception that scientific 
knowledge is tentative, it seems that such a description for science is not one that Sarah 
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Table 13   
Sarah’s Pre-Participation NOS Concept Map Score 
Relationships 12 
Levels 4 
Branches 4 
Cross links 2 
Total score 22 
 
considers to be pivotal.  It is also fair to note that these terms were not used in class 
during the optics unit, whereas those that Sarah did include in her map, such as theory, 
law, and scientific method were used explicitly in class lectures and labs.  
In the interview, Sarah and I discuss the idea of contrasting science to other 
disciplines.  Her first inclination, as she tells me “is to compare the classes that I have 
taken in science to the classes that I have taken in other subjects.”  This leads her to begin 
to consider the amount of “hands-on” activities in science classes that are not emphasized 
in other coursework, but she, in typical form, is “not especially sure about how to 
distinguish them.”  Without a firm idea of what contrasts science from other disciplines 
(or even science coursework from other coursework), Sarah suggests that “I do not 
actively distinguish the content or practice of science from other disciplines because they 
are guiding the person to learn and improve themselves.”  Sarah responded to the VNOS 
questions in a scientifically accepted view.  Many of her answers were short; when we 
discussed the VNOS statements Sarah only makes it clearer that she “honestly does not 
feel confident about any particular description of scientific knowledge.”  
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In discussing the creativity of scientific knowledge, Sarah begins to suggest that 
“there are creative aspects to science, but I am not sure how to describe them.”  When 
asked for an example of creativity in science, she suggests that there are “creative 
people” who “figure out things,” but she emphasizes that “it takes more than just being 
creative to do science, since science is reliant on experimental results and other evidence, 
and such data are not something that I view as being created.”   Similarly, Sarah admits 
that there is “a little bit” of imagination used in science, but such “is not especially 
crucial to developing scientific knowledge.”  She emphasizes that “science is based on 
reality rather than on imagination.”  Likewise, she describes theories in science as being 
“discovered more than they are created by scientists,” but she admits that I am uncertain 
about these things as well as what my own ideas might be.  I don’t know what I’m trying 
to say.  I can’t make up my mind.”   This seemed to have been the persistent theme with 
Sarah in regards to making the connections in science. 
The statements of the Pre-VNOS-PHYS that reflect the tentative aspect of science 
were also discussed briefly and Table 14 shows a summary of Sarah’s responses.  Sarah, 
still sounding unsure, begins to indicate that there are “many pieces of scientific 
knowledge” that we have yet to figure out:  “We just don’t know a lot about science, even 
with all the technology we have today.”  She discusses the idea that “there are things that 
we do not know,” rather than discussing anything about errors or tentativeness in what 
we already claim to know.  After the discussion about her responses, Sarah could be 
categorized as naïve on almost all of the questions in the survey. 
The most definite conception that Sarah seems to have at this point is that science 
is represented by the knowledge that it produces – what Sarah describes as “the Earth  
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Table 14 
Summary of Sarah’s Views on Nature of Science at the Start of Wave Unit  
Pre-VNOS 
Questionnaire Paraphrases of Response 
Views on Nature 
of Science 
#1 • Science is the study of earth and people 
around us  
Naïve view 
#2 • The purpose of experiment is to see what 
factors contribute to results 
Naïve view 
#3 • A theory is what people say about something 
and they are discovered by scientists, so they 
don’t change 
Naive view 
#4 • Laws define and sometimes it has a 
mathematical equation 
Transitional view 
#5 • There is a general method for scientific 
investigations   
• It depends on the degree of investigation  
Transitional view 
#8 • Not sure how certain scientists are of this 
number.  
• Never really questioned it, and accepts only 
Naïve view 
#9 • People interpret the same data in different 
ways 
Naive view 
#10 • Only a little of imagination is used by 
scientists in design and planning 
Naïve view 
 
around us, how things work and why.”  The other two concepts are not described well 
enough by Sarah to really be able to feel confident that we have identified her under-
standing.  This brings up another aspect of Sarah’s conceptual framework: her general 
lack of confidence in her ideas.  This is demonstrated in her inability to develop 
relationships between the terms when constructing the concept map.  Unlike Tracey, 
Sarah does not savor the opportunity to consider new ideas and try to figure them out.  
Rather, she is generally unsure of her current ideas, not to mention any ideas that she 
might try to create as she thinks about new situations or questions.  Sarah would state “I 
am having difficulty with some of these terms, but I know I have seen them before.”  The 
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irony is that because Sarah lacks confidence in any ideas that she may have, she is not 
particularly “willing to tackle new ideas,” even if such new ideas would have been more 
satisfying and fruitful to her in the long run.  Sarah simply does not give herself the 
opportunity to consider these new ideas, and this trait will be portrayed in the following 
stages as well. 
Although the concepts of tentativeness of science and creativity in science have 
not been described in detail by Sarah, there are some hints about her conception that I 
take from the data.  For example, Sarah has a view of “textbook knowledge that suggests 
it to be static and final”.  Still, it is difficult at this stage to determine if this conception of 
textbook knowledge applies to all scientific knowledge.  For both of these last two 
concepts, Sarah has a difficult time uncovering her own conceptions.  Although there are 
a few notions that Sarah iterates as a result of the more direct questions used in this stage, 
it is not until following stages that a more clear view of Sarah’s notions can be more 
thoroughly described. 
Since it is difficult for Sarah to describe the nature of scientific knowledge in 
general terms, she refers to the physics textbook to get her responses.  The participants 
are allowed to use the textbook throughout this study to find answers regarding physics 
and NOS.  In the interview, I describe the text to her and ask her about how sure we are 
of the knowledge that is in it, specifically the knowledge that we claim regarding the 
speed of light.  “I am not sure how certain that they are of this number, I never really 
questioned.”  Sarah is less hesitant about making this statement than she was in 
describing scientific knowledge without any concrete examples.   
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At this point, Sarah gives us only a few hints as to what her conception on 
scientific knowledge might be.  For both this concept and the concept of tentativeness, 
Sarah suggests that “I am mostly undecided on these concepts,” and this indecision is 
projected in her response to the Pre-VNOS-PHYS debriefing.   In this instance she 
indicates that she “is more doubtful of such knowledge but that the textbook authors are 
probably committed to these ideas because they can understand them” and because they 
have them “written down.”  She implies that “having scientific knowledge written down 
makes it less likely to be changed than if it were not in a text.”  Sarah’s descriptions, both 
for this probe and for the VNOS, suggest that, since we do not already “know 
everything,” she still sees scientific knowledge as something “which could continue to 
look for new information.”   
Also at this point, after analyzing her Pre-VNOS-PHYS, it is difficult to really 
surmise what it is that Sarah knows about NOS. So far, I have witnessed many 
admissions that she is unsure about her own conceptions, and this makes the status of her 
conceptions that much more difficult to ascertain. That is, if there is a set conception to 
begin with it is at a naïve level, so there should be a lot of conception to replace.  In 
Sarah’s case, being naïve could be attributed to the fact that her ideas are less apparent is 
only part of the situation.  The other part is the actual probes that are being used.  At the 
start of the wave unit, the probes are very explicit, asking the participant to state clearly 
what her conceptions are. This is not so much the case post the wave unit, in which 
conceptions are inferred through more indirect probes (e.g., analyzing the manner in 
which terms are connected on the concept map, or answering the daily questions. 
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Stage 2: Sarah’s Conceptual Framework Post Wave Unit 
As with the other two stages, Sarah’s Post-VNOS-PHYS interviews and 
responses to probes tend to be more brief than other case study interviews, as she is 
consistently less sure of her own conceptions and has less resolve to think through new 
ideas and try to sort out her own conceptions during the interview sessions. 
Sarah’s responses on the Post-VNOS-PHYS were similar to those on the first 
administration of the survey, and the responses were relevant to answer the second 
research question, if there was conceptual change in NOS by Sarah.  She gave more of 
the transitional view answers on many of the questions than informed (Table 15).  Certain 
responses seemed contradictory, as Sarah would agree that “scientific knowledge 
expresses creativity, but I would disagree that scientific knowledge is a product of the 
imagination.”  Similarly, when considering her conception of the tentative nature of 
scientific knowledge, Sarah agrees with the idea that scientific knowledge is beyond 
doubt, but also agrees with the idea that scientific knowledge may contain error in it.  
Such responses support the idea that Sarah does not have a solidly constructed conception 
of the nature of science that she can refer to in order to make consistent responses to this 
survey. In light of other responses to other probes, this might be expected.  
Without the concept map, Sarah goes back to her original description of science – 
which is about the workings of the world.  This definition, the most consistent aspect of 
Sarah’s conceptual framework, is further emphasized when she considers what to 
emphasize in classroom lessons.  Sarah tells me in the interview “I am a little nervous 
about having to relay scientific content to my students, so I have not even begun to 
consider teaching towards anything relating to the nature of science.” 
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Table 15 
Summary of Sarah’s Views on Nature of Science Post Wave Unit 
Post-VNOS 
Questionnaire Paraphrase of Response 
Views on Nature 
of Science 
#1 • Things that just occur naturally and science 
gives an explanation for it 
• Science gives answers 
Transitional view 
#2 • Determine the relativity of something or 
expand on something by testing it  Transitional view 
#3 • A theory is an explanation of why something 
happens 
• Something that is accepted until otherwise 
proven not that way 
Transitional view 
#4 • A law would be some type of a way to prove a 
theory 
• Laws give weight to theory 
Transitional view 
#5 • There isn’t any set way of doing an 
investigation; it depends on the level of 
science skills, high school or university 
Transitional view 
#8 • Has to do with previous experience in doing 
science, and looking at other science 
experiments. 
Transitional view 
#9 • Has a lot to do with personal beliefs, 
background, or other influences   
• Can get multiple ideas from the data 
depending on the researcher 
Transitional view 
#10 • Use a lot of imagination based on who you are 
and what is your audience  
• Scientists must use appropriate language to 
describe themselves to other scientists 
Transitional view 
 
For her concept map, Sarah begins the process by highlighting the laws, theories, 
and investigation portion of science (Figure 7).  This map initially included the first three 
terms, but Sarah later noted that “the other two were also part of the scientific method as 
they were described in the physics class.”  Sarah simply tacked these two terms onto the 
other three, not giving any explicit description regarding their order.  As Sarah describes  
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Figure 7. Sarah’s final version of NOS concept map. 
her concept map and how she placed the terms at the end of the study, she continues to 
iterate that she “was not sure about what she was doing, and at times I don’t know what I 
was thinking.”  Sarah suggests that the top portion of the map reflects the activities that 
one actually does in science, and it is through the repetition of such activities that one 
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could eventually get to laws and theories.  Sarah also notes that this process might need 
to be repeated (as reflected in the “investigate” term) as we need to “do different things to 
see which ones are related to each other and others that don’t have connection.”  So, there 
exists a distinct idea that science must go through some set of procedures in order to 
produce knowledge, but Sarah does not make explicit exactly how these steps operate or 
what they look like.  
The pragmatics of science leads to the “laws” and “theories” in the top portion of 
the concept map.  At first, only the terms “laws” and “theories” are included here, but 
later Sarah suggests that these theories and laws “ may eventually lead to the literacy and 
skills” on the right side of the map. Although these definitions have been explicitly 
described in class, Sarah does not make reference to this and does not reflect the 
definitions as they were portrayed in lecture. Sarah is not firmly committed to these ideas, 
but she does not offer other possible alternatives, either.  As Sarah is able to describe, this 
“connection belongs to science,” whereas she attributes another distinct kind of ideas, 
“extraordinary,” with “unknown.”  (These terms are kept separate from each other but 
both connect to science directly.)   This statement acknowledges that Sarah suggests there 
are different kinds of things that we can know as she says  “there’s a lot of people who 
don’t believe a theory or a law.”  Sarah seems to have some idea that scientific 
knowledge is based on some kind of method, but she cannot imagine any different basis 
for another kind of knowledge.  At the same time, she suggests that “we don’t know 
everything” in science.  
The idea of science being tentative is not something that Sarah has a definite 
conception of as compared to concepts like theories and laws.  While she can “relate 
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science to experimental method, and experimental method to having to continually try 
new things,” it is not clear that she applies this concept to all scientific knowledge in a 
more general way.  She has an idea that theories are tentative, but this is due to her 
association of theories to underdeveloped ideas in science.  
Sarah’s final concept map showed a complex incorporation of words and 
connection.  Her score was difficult to tabulate because she forgot to draw her concept 
map in a vertical direction for easy tabulation.  Even though it was a little difficult to get 
a proper score regarding NOS, Sarah’s final concept map score was the highest as shown 
in Table 16.  Her score was considerably higher because she included not only nature of 
science concepts, but also science terminology from the unit.  For an instant I was going 
to disregard the NOS and physics terms combined in one concept map, but during the exit 
interview she emphasized “those terms helped me make the connection of the nature of 
science to science.”  Her concept map was hard to follow and hard to grade since it was 
not similar to the other three participants. 
Table 16   
Sarah’s Final Version of NOS Concept Map Score 
Relationships 74 
Levels 5 
Branches 9 
Cross links 4 
Total score 92 
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Sarah begins to hint “there are different ways of knowing science, the unknown 
and medical discoveries,” but when she really begins to consider her own personal 
purpose for science, she tends to lump the knowledge of science and the unknown 
together. During the final interview, I realized that knowing about the world for Sarah, as 
she told me, refers to “knowing, about science and the unknown.”  Thus, Sarah implies 
many “different understandings of what science’s way of knowing is,” but she does not 
seem to be “strongly committed to any one understanding.” Rather, the understanding 
which comes to light in any particular instance is largely dependent on the probe Sarah is 
responding to. 
This stage documents a conceptual framework that has conceptions at small 
levels, each of which is not being very deeply rooted.  That is, Sarah does not express 
deep commitment to nor articulation of any conception.  This is reflected by the fact that 
Sarah continues to be unsure of her own ideas, and only gives brief accounts of what she 
might briefly consider before telling me, “I don’t know.”  For this reason, it is 
challenging to distinguish on the concept map which conceptions are the ‘consistencies’ 
and which are the ‘contradictions’ – there are few consistencies in Sarah’s descriptions.   
Through the less direct probes, we begin to see some other ideas emerge from 
Sarah’s experiences with VNOS.  The most notable of these is Sarah’s idea that there are 
processes in science that are fundamental to its definition.  This comes out in this stage 
for two reasons.  First, the concept map provides Sarah with terms to be dealt with, rather 
than waiting for her to instigate these concepts on her own.  So, Sarah is prompted a little 
in this direction.  Terms that she is not familiar with she elects to not use in the map.  
This last point seems to suggest more about Sarah’s own self-confidence in learning and 
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thinking than anything about her NOS conceptions. That is, just as important to how 
Sarah responds to these probes as her understanding of science is her lack of affinity 
towards tackling abstract and unfamiliar ideas and thinking through them. 
At one time in this study Sarah was not aware of the existence of particular 
concepts.  This is especially apparent in the many conceptual contradictions she stated.  
For example, Sarah wanted “science knowledge to only give explanations of the world, 
but also imagined scientists relying only on previous experiences to determine the 
scientific knowledge of the day.”  She described a scientific knowledge base that “pins 
down variables in order to find reality of the situation in the natural world.”   She 
described that “science needed to differentiate between theories and laws,” but would 
then compare the knowledge of science being influenced by other views.  In all these 
examples, a learner like Sarah can make statements that suggest a particular concept (for 
example, the discovered/created aspect of science) but is not fully aware of all the 
implications of the concept. Stated another way, she is producing explanations in 
response to the interview probe, but does not seem to be fully aware of the full 
ramifications of the acceptance of such a concept.  If she were more aware of the concept 
and really used it towards their explanations, she could have seen the contradiction in her 
own statements.  In this way, Sarah, who never becomes fully aware of a concept, is 
never going to become dissatisfied with the concept, and thus is not going to undergo an 
accommodation type of conceptual change.  
As a result of this course, Sarah notes that she “sees science in more contexts than 
I did before.”  However, this perspective of science is consistently limited to the 
knowledge base of science rather than its process and way of knowing aspects.  As Sarah 
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discusses in the interview, Science to her is a “Thing that just occurs naturally and 
science gives an explanation for, and things that people generally think there is an 
explanation.”  In line with this idea, Sarah’s emphasis on what is important to know in 
science has to do primarily with scientific concepts and really understanding them.  As an 
example, she recalls how her chemistry professor notes how lots of people understand 
that if you fill a balloon with helium it will expand when it is hot, but that few really 
understand what it is that they are talking about.  Sarah emphasizes that to really 
understand science one needs to know more about gases than simply memorize some 
chemical moniker.  Sarah does not make any mention of any NOS concept, nor of 
anything regarding scientific method or other processes.  
In the post interview Sarah discusses a scenario of how scientists could be 
creative to demonstrate the speed of light experiment in front of students.  She tells me 
that “if I was doing the experiment, I would explain to my students how the speed of light 
is achieved if the experiment goes wrong.”  As she considers thinking about an 
explanation, she imagines that if she does not have another opportunity to repeat the 
demonstration at that instant then she would definitely try to explain to the students what 
was supposed to happen and why it did not happen in this instance.  As Sarah told me, “I 
guess some imagination and creativity would have to be used by the experimenter if the 
demonstration goes wrong.” 
Sarah does not make any mention of using this discrepancy in any other way, 
such as to produce student questions or inquiry.  She exclusively dwells on the scientific 
explanation and her apprehension that she might not understand the scientific content 
well enough to understand this failed demonstration herself, or how to approach it a 
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different way.  But she eventually tells me, “They have to be very creative and really use 
their imagination to make it relative to something the students can relate to in their lives.”  
On the tentativeness of science the responses elicited from Sarah give little more 
than a vague impression of what her ideas might be.  Sarah’s lack of attention to these 
concepts suggests a lack of awareness of these ideas on her part, and the probes of this 
stage (and previous stages) failed to create such awareness (even though they did for 
other case study learners). 
Sarah described science laws as separate from science theories.  This was most 
obviously done when she mentioned that” laws were found in the natural world, while 
theories are explanation of the natural phenomenon.”  Yet she had some reservation for 
certain scientific theories, and this reservation was caused by her personal commitments 
to other beliefs regarding certain aspects of the scientific theory (e.g., atomic theory, big 
bang).  Thus, although it may be described that theories and laws describe different things 
or have different bases, Sarah could still evaluate something with a scientific basis with a 
way of knowing based outside of science.  
Another interesting fact we witness about Sarah is the notion of combining the 
laws and theories. Sarah takes what she knows about theories with what she knows about 
laws and integrates them together.  Again, even though on a personal level this should not 
be looked down upon, when considering that this individual will be teaching science we 
may be concerned.  Sarah and presumably others like her accept certain scientific 
knowledge not so much because of the evidence that is provided for it but because it does 
not contest any of her other beliefs. 
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As Sarah contemplates her response to a question from the VNOS probe on how 
Snell’s Law applies to physics, she again focuses on the scientific explanation for why 
this might be the case.  While unsure of her own explanation, she refers back to her own 
experience in the lab and recalls that certain objects looked differently in water during the 
course of investigations, and that this was reflected in their results.  She notes that this 
“could be explained to them,” but that the only solution she would propose is to “tell 
them to try it again or something, I don’t know.”  Sarah seems concerned only with the 
idea of her students getting the correct answer and herself being able to correctly describe 
the scientific concepts at hand as they come up in the classroom situation.  That is, her 
classroom focus would be on the products of science, rather than on its processes.  
Sarah’s conceptions continue to be relatively vague and difficult to describe 
concisely.  However, it is this facet of her conceptual framework that should be 
emphasized. Sarah’s own lack of confidence in her ideas seems to be viscerally tied to 
her weak conceptions. Thus, I do not see contradictions within Sarah’s conceptions, 
because there is nothing especially consistent to contradict.  
Sarah – Synopsis 
Sarah likely represents a familiar archetype of student.  Her unfamiliarity with the 
nature of science and her acknowledgment that these are all new ideas to her are features 
that are likely shared by many students.  “I don’t know” is probably something that could 
be documented more often if more students were more apt to state it as Sarah did.  As 
shown, the other case study volunteers describe their conceptions of science in often 
contradictory ways, and one realizes that they too probably do not have well formulated 
conceptions of science.   
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Again, conceptual change in Sarah’s case is minimal.  While there were some 
hints of conceptual change, these seemed to be more the result of Sarah’s not having firm 
ideas to refer to, rather than having solid conceptions that went through some change 
process.  It seemed that Sarah’s lack of conceptual interest in NOS concepts and general 
lack of affinity towards thinking about new and unfamiliar ideas inhibited her from 
developing her conceptions to a greater extent. What sets Sarah apart from the other case 
study participants is her general lack of confidence in her own ideas or in generating new 
ideas.  This, it seems, leads to a lack of confidence in ideas not only about science but 
towards learning in general.  As a result, Sarah was not apt to cognitively tackle these 
ideas that were mostly unfamiliar to her, so perhaps it could have been expected that little 
conceptual change should have taken place.   
Denise: Blender of Life 
I find Denise inherently likeable.  During the interviews, Denise not only laughed 
at my jokes, but she also exhibited a contagious enthusiasm for science and learning.  
Upbeat and never lacking for words, Denise’s personality produced enjoyable interview 
sessions, although her talkativeness provided a formidable challenge for transcribing 
interviews. Especially admirable was her willingness to help in any way possible with the 
research.  Denise genuinely seemed helpful and she would say “I am excited to 
participate in the interview sessions and the activities involved because it helps me learn 
more science.” While Denise did not look over any of her own data or subsequent 
analysis, this did allow me to jokingly complain to her at times she talks too fast.  In 
typical form, Denise laughed and made her own joke about me.  
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In class, Denise displayed enthusiasm and willingness to participate in science 
discussions.  It was this feature of her personality, in addition to her preliminary 
responses on the questionnaire, which made her an ideal candidate to participate in this 
research.  During the optics unit, Denise was always in class, prominently seated near the 
front where she was always interactive in class, often volunteering to participate in a 
demonstration or volunteering answers to questions from an instructor.  The course 
instructor was familiar with Denise’s enthusiasm and showed appreciation for her passion 
and participation.  In the unit labs, Denise and her lab partners seemed to enjoy 
themselves, laughing among themselves and with the course instructor as they tackled 
problems and worked through instructions.  Perhaps this fervor was especially applied 
towards the sciences: “I really enjoy science courses. . . . I think science is really fun and 
you can do a lot of neat things with it.”  
Denise’s attitude and enthusiasm carried over into interview sessions.  Denise 
seemed to be especially reflective, taking a few moments to answer questions, and 
conscious of what she was thinking.  Even when presented with new ideas, Denise 
tackled these carefully and often told me that “I would continue to think about them in 
between interview sessions during class time.”  Sometimes, these thoughts carried over 
into conversations that she would have with family and friends.  Denise was also very 
aware of what she knew before the course and these interviews, and how these affected 
changes in her thinking.   
Denise was always looking for ways to integrate different aspects of her life and 
different aspects of society.  For example, Denise (as will be shown in the following 
narrative) would try to bring together descriptions of different school subjects, would 
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incorporate health issues with scientific ones, and could describe how religion and 
science could be incorporated to produce a single, personal understanding of our 
existence.   
Denise considers “teaching at a variety of levels, but I generally would like to 
teach in a secondary level capacity.”  Quite enthusiastic about what she learns in this 
course, she is very excited about giving her own students a similar, hands-on experience 
in the classroom. She wants to show how science, particularly physics, is related to 
students’ lives, especially as it relates to the human body and to students’ immediate 
surroundings.  
Denise, like the others, had a conceptual framework which directly affected her 
nature of science conceptions. In summary of Denise’s conceptual framework, the 
following points are especially noteworthy: 
1. Denise shows very high self-efficacy and metacognition, reflecting deeply 
about interview sessions, even after they transpire.  She is very verbal and 
willing to consider issues at great length by commenting “I want to add to 
my previous response to the last questions.” 
2. “I think science is really fun and you can do a lot of things with it in the 
classroom, with all of the students.”  Denise is not intimidated by science 
and is enthusiastic about teaching – in fact, emphasizing – it in her 
classroom during her middle school internship. 
In retrospect Denise’s conceptions of science turned out to be stated relatively 
explicitly and also interesting to analyze, and because Denise was very willing to express 
herself in interview sessions, she made it very clear what her conceptions were.   
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Stage 1:  Denise’s Conceptual Framework at the Start of Wave Unit 
Due to great enthusiasm shown by Denise’s participation, the probes used to 
understand her NOS conceptions are very descriptive in this first stage compared to the 
other participants.  This allowed me to get a strong assessment of Denise’s conceptions 
half way through the optics unit, and after the most explicit emphasis on the NOS had 
taken place for the unit.  The data show that Denise did, in fact, change some 
fundamental understanding of the NOS, although this was not the result of explicit 
instruction but a result of her own experience which challenged her previous view.  
Denise exhibits some interesting conceptions from the very beginning of the 
optics unit, further supporting her inclusion in this study.  Like all students in this course, 
Denise participated in an initial questionnaire and the Pre-VNOS-PHYS survey.  Like 
others, Denise tends to have multiple descriptions for what science is and why it should 
exist.  
Science is “a useful endeavor because it is a form of an inquiry into the world 
around us and how it operates or exists” because it explains “why things are the way they 
are for many people.”  The “things” which Denise is thinking of go beyond the natural 
world of science (or even the social/behavioral pursuits of social sciences), however, so 
that science can be an inquiry that could be seen in the way people dance or paint.  In a 
similar vein, Denise lists on her questionnaire for “science coursework” not only courses 
in chemistry and biology but also art.  Thus, Denise has some sense that “science is a 
means of inquiring and understanding,” but because it seems that “what science does is 
extend our understanding to everything,” so she is vague about the specifics of how 
science would come to understand or produce knowledge. 
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Although Denise’s first response to “what is science?” or similar probes is 
typically a response that suggests how science is a way to understand something, Denise 
is quick to follow up on this and emphasize that science will “allow people to change 
over time” or will “make our lives less difficult.”  Denise knows (or at least claims) that 
science is a means of understanding, yet she understands it to have a very definite 
purpose.  That purpose is a pragmatic one, reflecting that science should produce some 
kind of useful result.  
Although Denise is notable in that she readily describes a science of art or a 
science of dancing, she is also able to contrast science to other disciplines to some extent.  
At first, in thinking about the comparison between art and science, Denise suspects that 
there are many similarities, since “they both consider what makes things up.”  However, 
Denise begins to convince herself as she speaks that she does not really think that science 
and art are the same thing, since science deals so much with answering “why” and art 
deals more directly with “emotions.”  
The Pre-VNON-PHYS questionnaire continues to show us that it may be most 
useful in eliciting singular responses that can only be evaluated the more discussion the 
researcher has with the participants. Denise’s case makes this point clear; her answers to 
the Pre-VNOS-PHYS show that she answers some areas as naïve, and the rest were 
transitional answers.  Such views to questions do not reflect the conception the VNOS-
PHYS is probing for to Denise (Table 17).  This becomes clearer in the Post-VNOS-
PHYS answers and interview. 
Thus, Denise entered the course, and especially the optics unit, having a hard time 
thinking of science as a creative enterprise, but through the events that transpire in the  
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Table 17   
Summary of Denise’s Views on Nature of Science at the Start of Wave Unit 
Pre-VNOS 
Questionnaire Paraphrase of Response 
Views on Nature 
of Science 
#1 • Science is understanding the world around us 
• Science could be seen to be used more for 
improving medicine  
Transitional view 
#2 • The purpose of experiment is to find 
plausible explanation 
Naïve view 
#3 • A theory is discovered and placed by nature 
for us  
• Developed from a hypothesis 
Transitional view 
#4 • Laws are theories that are proven 
• Tested over and over 
Transitional view 
#5 • Scientific process has to follow a general 
inquiry followed by experimentation and 
conclusion 
Transitional view 
#8 • Scientists are somewhat certain of the 
specific value  
• Uses math to prove the value 
Transitional view 
#9 • There is no conflict between scientists in 
understanding the data 
Naïve view 
#10 • Scientist plan to carry out an experiment and 
use creativity in doing it 
Transitional view 
 
unit and specifically in its labs, Denise came to change her conception of how creative 
processes contribute to scientific knowledge, “At first I thought you just had to be smart 
to do science.  You don’t have to be creative to do an experiment.” 
Denise views science as a way “to understand many things, ultimately in order to 
make life better for all of us.”  This is especially apparent when Denise describes the 
health benefits of science and how it can make us live longer lives.  Denise feels that 
science should be directed in ways to optimize how it can help humankind to better 
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survive.  So, while Denise will first define science as a way of inquiry and creating 
explanations, the ultimate intent for science is to help us. 
Unlike the other case studies, most of the conceptual change that we would 
anticipate could have taken place before the Pre-VNOS-PHYS probes were administered, 
since NOS concepts could have been taught explicitly before the optics unit. This being 
the case, the thing that I was most interested to see in Denise during this stage was an 
even richer description of her conceptual framework, made more valid with a greater 
range of probes.   
Denise’s concept map (Figure 8) is worked on every day throughout the optics 
unit, at times working on it two times a day.  Although this may be one reason why she 
seems so comfortable with this task, her experience with me and other probes makes her 
less inhibited than she otherwise would have been – a more likely reason is that, simply, 
she is ‘Denise’, and as such she tackles things enthusiastically, with a joyful attitude, and 
with no apologies.  Even though Denise has a low score of nine on her concept map at the 
beginning as shown in Table 18, at the end it still becomes a profitable probe that leads to 
discussions of many facets of science and epistemology in general.  
 
Figure 8. Denise’s pre-participation NOS concept map. 
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Table 18   
Denise’s Pre-participation NOS Concept Map Score 
Relationships 3 
Levels 2 
Branches 3 
Cross links 1 
Total score 9 
 
Some foreshadowing of the subsequent analysis is in order here. These survey 
questions and the concept mapping administered at the beginning of the optics unit, 
brought to light certain conceptions.  That is, Denise was made aware of her own 
understanding of the creativity used in science as a result of taking the Pre-VNOS-PHYS.  
It may be the case that this explicit mentions of the concept made Denise realize that the 
concept actually existed and later allowed her to challenge her own conception. 
Although this change in Denise’s conception was evident to me and to her, it is 
notable that Denise’s conception of the “creativity” of science was still different from 
what the VNOS was intended to measure and what science education reform advocates. 
This is revealed in the review of one VNOS statement in particular:  
Ehsan: What do Scientists mean by theory? 
Denise: I’d put they are discovered, they’re already there from Mother 
Nature. I think that we discover them more than they are created, 
but you have to be creative in order to discover. Even though Dr. 
Nave has referred to theory as evidence from nature. 
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Denise’s last sentence of this response is indicative of what her conceptions really 
are. Although she herself experiences the need to think creatively to solve problems in 
the lab, she sees the knowledge produced by science as being generated by nature more 
than it is created by humankind. Rightly, she refers to a course lecture that explicitly 
states that science is based on the evidence that nature provides, but Denise extends this 
idea to suggest that nature herself determines the knowledge that we have, rather than 
humans interpreting the evidence from nature. 
For the developmental of VNOS, Denise showed an informed answer with the 
idea that scientific knowledge is tentative.  In the interview session, Denise elaborated on 
this and made her views clearer, describing scientific knowledge “as something which is 
subject to change.”  At first (and second) glance, Denise’s conceptions are what we hope 
them to be, yet in clarifying and exemplifying her understanding more clearly, it becomes 
evident that the ‘tentative’ aspect of scientific knowledge has a very specific meaning for 
Denise:  
I think some of the things in scientific knowledge are beyond doubt, like 
good data that prove gravity, but there are some things like atomic theory 
and evolution theory which can be proven, but I think there’s some doubt 
in their conclusion. 
 
Even though Denise states that scientific knowledge is tentative, she also views some 
things as being understood well enough that we no longer need to try to understand them 
any further.  She uses the concept of gravity as an example of this, “like gravity, once we 
have the number you don’t have to collect data on it.”  It may be that Denise, in thinking 
that the purpose of science is towards some applied ends, could consider certain 
explanations to be ‘good enough’ to be put to use, and therefore would not need to be 
explained any further.  
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Ironically, that which Denise imagines we understand “beyond doubt,” such as 
gravity, may in fact be the least well-understood concepts in all of science.  Denise is 
reserving the idea of tentative knowledge for that which seems less agreeable or likely to 
her, rather than as a facet of all scientific knowledge.  Again, although the VNOS 
questions begin to probe and hint at parts of Denise’s conceptions, they do not tell the 
entire story.  
During the interview with Denise, I wanted her to expand on her answer regarding 
the speed of light question in the VNOS questionnaire.  We talk about measuring the 
speed of light as 2.99 x 108 m/s and how a value for this is given in the text, and I ask 
Denise how certain the scientists and her are in such a value.  
Scientists are certain about the speed of light; they measure it based on the 
distance traveled by a light for instance from the sun to the earth and time 
to find the speed, Well, I think things that can be proven by math – I think 
math is one of the cool things on how to prove things that work so I would 
be about 75% sure.  
 
Denise acknowledges that “there could be some factors that we have not 
accounted for in our calculation of the speed of light, but most likely we have a good idea 
of what it must be.” This is justified by the fact that we can show similar measurements 
made here on Earth, and especially that we can use mathematics to describe how such a 
calculation can be made.   
As with other case study participants, Denise’s conceptions of “fact,” “law,” and 
“theory” reveal more about what she thinks of science than do they give us clear 
definitions of these particular terms.  The lack of connection between these terms is seen 
in Denise’s concept map, which contained only few terms in single relationship.  Denise, 
upon being asked how to define these, immediately wants to go back to her class notes to 
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get the correct definitions, but she tries it on her own anyway.  “Laws are usually theories 
that can be proven mathematically, by having a numerical relationship that can be shown 
over and over again and so much a part of our everyday life that no one would challenge 
to say it was incorrect.” When asked for an example, Denise suggests the Snell’s Law 
and identifying the change in angle due to medium change.  Scientific laws and theories 
are more intimidating for Denise, and she starts by noting that in class they were 
described as virtually the same kind of thing. Denise compares these to facts, noting that 
“A theory is an explanation that can be shown to occur over and over again, but can not 
necessarily be proven with concrete evidence like a law can that has a mathematical 
relationship and facts that can be seen over and over again.”  Denise contrasts her present 
concepts of these terms to how she otherwise would have thought of them, laws as being 
“more absolute” and theories being more speculative.  
Stage 2:  Denise’s Conceptual Framework for Post Wave Unit 
The last stage for Denise incorporates similar probes used on the other three 
participants.  However Denise has a tendency to be more helpful in her responses to the 
Post-VNOS questionnaire, and also is more apt to elaborate on her responses. Yet all of 
these are suggestive of (or identical to) probes administered previous to this stage.  This 
allows for some comparison of her responses over time, either as a result of the course, 
these interviews, or other factors.  
On the final administration of the Post-VNOS-PHYS, Denise’s answers were 
more on the informed level than transitional (Table 19), and this was beneficial to answer 
our second research question; if there was conceptual change in Denise’s NOS views.  
This was a change primarily in questions that related to science, creativity, theory and  
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Table 19   
Summary of Denise’s Views on Nature of Science Post Wave Unit 
Post-VNOS 
Questionnaire Paraphrases of Responses 
Views on Nature 
of Science 
#1 • Science is understanding the world around us 
that needs thoughtfulness and creativity 
• Science is seen to be used to improve people’s 
health  
Informed view 
#2 • The purpose of experiment is to test an idea that 
you think or believe will happen  
• Supported by data from the experiment 
Transitional 
view 
#3 • A theory is discovered and explains a 
phenomenon about nature  
• Comes from a lot of data and possible 
experiments, and can change 
Informed view 
#4 • A law often represented with a mathematical 
value or formula 
• Culture plays a role in laws 
Transitional 
view 
#5 • Different ways to do the scientific methods, one 
way is step by step to find answer  
• Process can lead to theory or law 
Informed view 
#8 • Scientists are pretty accurate about the value of 
speed of light 
Transitional 
view 
#9 • There are different opinions based on research 
perspective and background which lead to 
different conclusion 
Transitional 
view 
#10 • Scientists definitely use imagination and 
creativity  
• Scientists listen to each other and develop 
explanation 
Informed view 
 
law, and scientific process. Denise’s answers went from simple description of theory to a 
more concrete answer that theory comes about because of explanation and scientists have 
evidence for these explanations.  As reflected in previous probes, it seems that Denise has 
increased her understanding of creative processes being conducted in scientific pursuits 
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and the actual knowledge that gets produced is directly determined by nature, therefore 
theory are explanation of the knowledge the is gained.  
For the other portions of Denise’s Post-VNOS-PHYS questionnaire, other 
evidence already suggests that we should be wary of responses and reading too much 
meaning into them without doing a proper interview session with the respondent. While 
the VNOS does give some information regarding a learner’s conceptions of the nature of 
science, it would be wise not to read too much into these scores and rely more heavily on 
combining the interview, the answers to the VNOS, and other responses. 
Denise’s descriptions of science increased from the transitional level to an 
informed state on question number one, three, five, and ten (Table 19).  Science is “the 
investigation into the world around us.  Like Physics studies the mechanics of science, it 
provides reasoning behind a phenomenon.  It is an in-depth study to find out how and 
why things are the way they are.”  Denise emphasizes that “such a study would be very 
detailed, have specific things it was trying to figure out, and would have some kind of 
method that was deliberate and concentrated.”  In addition to this, Denise writes on her 
questionnaire that science “is a method used to figure out ideas and answer questions to 
the best of our knowledge and technology.”  In this light, science is definitely portrayed 
as a process, one that can be applied to a variety of different questions which seen in her 
responses and the post concept map.  
Denise has different basic structures in her final concept map and only she and 
Tracey used the appropriate format of concept mapping in this research.  The first part of 
the concept map, as seen in Figure 9, describes all the things she knows about nature of 
science.  “Creativity” sits above “experimentation” to suggest that what we need to be  
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Figure 9.  Denise’s final version of NOS concept map. 
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creative when experimenting for science to become more substantial, building upon 
itself. Other parts of the concept map represent two ways for knowing science: discovery 
and creativity. These are made distinct mostly by the idea that scientific knowledge can 
change or vary, and the need for creativity is necessary through investigation.  The term 
“experimentation” is associated with more on the discovery side of the concept map than 
the creativity which is a personal level of preference for Denise’s view of science. 
Denise deliberately places “scientific laws” under theory.  When I ask why it does 
not go under science, she describes “theory as that which we know in our hearts – 
understandings that we identify with in a more personal manner, it is our own specific 
understanding.”  She also notes that “there are many things that could improve our lives 
which science aids in,” and she identifies this with her placement of the “past 
experiments” and “technology” terms.  As an example, Denise notes that “the big bang is 
something that we really do not know, since we were never actually there to experience 
it.”  She continues to expand her answer by stating “no one knows exactly what it was 
like during the first explosion.  They [scientists] don’t have evidence they need yet, 
everyone wants to make sense of why we’re here.”  
In the Pre-VNOS-PHYS, we see prominently Denise’s description of science’s 
purpose being towards some other ends, specifically ends that could be used by 
humankind to make life easier, healthier, etc.  Denise also has another purpose for 
science.  In this case science still is used towards some other ends; her concept map 
shows the connection of science, medicine and technology.  She thinks science “improves 
medicine by incorporating technology,” which eventually helps people stay healthy.  
While it is recognized as a means of explanation, Denise continues to emphasize that it 
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has a set way of discovering things through investigation.  Meanwhile, Denise still 
recognizes that science uses a process in order to reach explanations and, ultimately, 
useful applications. 
In the lower part of her concept map, Denise has a list of terms that correspond to 
actual scientific process.  She describes these as a fairly linear set of steps that one 
follows in doing science, although she realizes that there can be some variation here.  “So 
I think most of science really is not somebody making a hypothesis then running an 
experiment it is more somebody discovering something along the way then using the 
scientific method to show what they found and if it works the way they thought it did.”  
The goals of this set of steps are to arrive at laws and to arrive at theories.  Denise recalls 
from class that these two are described as basically the same kind of thing, but now she 
has a different impression, because to her an “a theory is an explanation for something 
that you have observed or that you’ve gotten data for….  A law often is represented with 
a mathematical value and something that you might mathematically be able to show the 
results of it but also the law sometimes is not something you can physically see.” (This 
idea is something that Denise has either come up with on her own, or carried away from 
another course, since this was not stated explicitly during this course.) Denise makes it 
very clear that she has “come to understand that a theory is not just a guess, nor is a law 
as rigid as the word sometimes connotes.”  Denise suggests that more common, contrary 
impressions of “law” and “theory” are the ones that she had before this class, and she 
imagines that this is a result of the culture we live in. 
In the post interview, I explore the idea of what she refers to as “culture we live 
in,” and what emerges in this stage are Denise’s deep commitments to science literacy 
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and with the understanding of science. Denise connects the importance of science 
research with understanding science through investigation.  However, on a personal level 
Denise uses her scientific knowledge to create meaning about the world around her.  To 
Denise it means that she is “human and is trying to make meaning out of every 
experience.”  Denise does this for herself, personally, by evaluating the big bang theory, 
the effect of medicine on health, and other scientific explanation.   
Denise’s concept map at the end had many unique terms in their relationship and 
her total score of 66 shows it in Table 20.  Her in-depth understanding of NOS, which 
was noted by the high number of levels, increased tremendously during the wave unit, 
she places her understanding on the “ability to compartmentalize concept when I am 
learning them.”  
Using the concept map and further probing during the Post-VNOS interview, 
Denise showed a great amount of conceptual change regarding NOS.  Much of what we 
came to understand about Denise’s conceptual framework in Stage A is further 
exemplified in this stage and this leads to a better understanding of some of Denise’s 
conceptions and how they originate and relate to one another. 
Based on these final probes, Denise’s view of the tentativeness of scientific 
knowledge has changed for the better, but she still at times is constant.  On one hand, she 
can witness that such knowledge does change and that the very process of science is to 
continually test what knowledge has already been ascertained. Yet, she also suggests 
“that certain knowledge within science cannot be doubted.”  It would seem that Denise’s 
want for science to be useful would require her conception of science to have some 
definite, non-tentative truth that could be relied upon. 
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Table 20 
Denise’s Final Version of NOS Concept Map Score 
Relationships 50 
Levels 8 
Branches 5 
Cross links 3 
Total score 66 
 
When Denise describes what it would mean to be scientifically literate in her 
answers, she emphasizes mostly concepts and terms.  In considering what a fourth-grader 
would need to know, she suggests the “basic stuff,” such as Earth science and plants, 
saving chemistry and biology concepts for later. She notes that these kinds of things are 
those which we interact with and see the most on a daily basis, so this is the kind of 
knowledge that a child would be most interested in and find most learnable. So, while 
Denise describes science as primarily a process, when she considers what students should 
learn about science she is focused primarily on its products. In this consideration, Denise 
emphasizes that students should know particular scientific content, to the exclusion of the 
process of science.   
Denise considered the issue of creativity in science as the wave unit was first 
underway as a result of taking the Pre-VNOS-PHYS.  Her consideration of the statements 
in the “creative” subscale of this instrument was something that she continued to ponder 
as she encountered activities in the labs.  This continued reflection on a concept was an 
attribute which Denise was immediately and especially suited to. Although actively 
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considering this potential aspect of science, Denise was actively looking for and was 
receptive to evidence that would have supported or negated the views she reflected on the 
NOS questionnaire. 
In the post interview, I gave Denise a chance to elaborate on considering the 
possibility of scientists using creativity to explain the speed of light to the students.  
Denise attempts to be pragmatic and addresses issues mostly concerned with how to 
handle a big demonstration in the classroom.  Denise would look for ways to incorporate 
these demonstrations into a lesson, while at the same time being able to come up with 
appropriate solutions to student problems and questions relating to the speed of light.   
When students are performing labs, Denise encourages them to use their creativity 
in every tough situation they come across. “When students are doing an experiment, I 
would encourage them to do it properly and use creativity in finding the answer.”  If 
students were doing the Snell’s Law Lab, she would then try to address the reasons for 
discrepancies, explaining “how students can come up with different answers is based on 
their imagination.” The issue of creativity is reemphasized in this stage, and Denise 
continues to reflect that creativity is something that she has seen again and again in her 
own scientific experiences. Denise is convinced that she has learned something new–and 
certainly she has.  Yet, her understanding of the creativity used in science continues to 
grow on the VNOS scale, still she needs to continue her growth in science to the expecta-
tions of being informed at all times. The most important part of this to Denise would be 
to emphasize the process of creativity while observing and problem solving. 
When asked during the interview about VNOS-PHYS questions regarding the 
change of light speed due to medium, each participant except for Sarah could describe 
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confidently and relatively correctly (according to the description given in class) what was 
occurring as light moved from air into water.  However, only one of the four participants, 
Denise, could make any specific description regarding how we have come to understand 
and explain this phenomenon.  Denise refers to how scientists “have been able to measure 
the speed of light in order to piece together a kind of puzzle which then describes the 
change of light speed.”  But Denise also admits that she “does not think that we have ever 
been able to measure the speed of light directly in all the materials.”  Murphy claims that 
the speed of light is ambiguous, and that further data must be collected and analyzed to 
get proper measurements of the speed of light.  Denise on the other hand suggests that 
“creativity in experiments must be used to deduce the speed of light, even if we cannot 
see it directly.”  Sarah is not sure of how we could describe changes in the speed of light, 
but she was also hesitant to accept the way scientists measure the speed of light to be 
2.99x108 m/s.  
On a particular note regarding the interviews with Denise, the interview sessions 
made Denise start “thinking more creatively and critically about how to teach my science 
classes”.  Was it the VNOS questions or the general tone of the physics course that 
allowed Denise to respond this way?   I would like to think it was the first.  Another thing 
Denise pointed out was the way she would address issues that might come up in the 
classroom, such as if a student protested that the Earth was flat rather than round, or there 
is no such thing as the evolution theory.  Such probes have made her think more carefully 
about how science comes to know what it claims as knowledge.  
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Denise – Synopsis 
Denise’s case study is incredibly fruitful because, for one reason or another, the 
VNOS instrument used elicits Denise’s conceptions very clearly. These conceptions are 
rich with meaning.  Much of what Denise knows about science is created by what she has 
learned in class, while a great deal more is produced by a belief system about science that 
Denise is very committed to.  Denise takes her beliefs and instead of countering them to 
science, she integrates them with her understanding of science and its nature. Through 
this process, Denise shows us that NOS conceptions are very much attached to what the 
learner already intuitively knows/believes. If only one thing is remembered of this entire 
research endeavor, I should hope that it is this.  
Perhaps one of Denise’s impressive conceptual change in this research is her 
change “to think more creatively and critically” about science.  In other words, Denise’s 
primary conceptual change is in “how” to think, rather than in “what” to think.  Like 
Tracey, Denise now considers science and science teaching more attentively and 
reflectively as a result of participating in this study and in this course.  Denise has 
become aware of concepts and issues that she previously had not considered. She has 
begun to deeply consider – even outside of the interviews – what science is, and how this 
would apply to her own classroom.  
Still, while conceptual change is more apparent in Denise’s case than in others, it 
is mostly subdued.  Denise is able to consider changes in her conceptions and is 
especially reflective on the fact that she has learned to consider science as something 
which uses creative processes.  Her previous conception – that doing science simply 
requires intelligence – was highlighted as she considered the VNOS survey at the outset 
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of the optics unit.  Becoming aware of the concept and beginning to question it, Denise’s 
experience in the laboratory made her reconsider her previous idea. However, this was 
only made possible by the fact that Denise was so naturally metacognitive and reflective. 
Summary 
Hopefully, the reader is fascinated by this consistent discrepancy across all the 
case studies.  An account of the learners’ conceptions, as they were described by each 
individual and interpreted by me, was presented earlier in this chapter. No matter how 
well or poorly any of the case study learners can explicitly describe the nature of science 
and the sub-concepts that are required for an understanding of the nature of science, in all 
four of the cases they elect to value certain scientific knowledge over other scientific 
knowledge.   In all four case studies, there is evidence which suggests that these learners 
attribute some creative processes to science.  Such evidence is seen in direct statements 
elicited by interview probes, concept maps, as well as in response to certain statements on 
the VNOS/VOSI-PHYS questionnaire.  This selectivity is based not on how directly 
observable the phenomenon happens to be for none of these pieces of scientific 
knowledge are directly observed by any of these learners but instead on some other 
evaluation that each learner does on her own.
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CHAPTER 5 
CONCLUSION AND DISCUSSIONS 
Introduction 
The purpose of this study was to show how four pre-service science teachers form 
and change their conception about the nature of science when learning a unit on waves in 
conceptual physics class.  This chapter discusses the results of the questions that were 
used to guide this research study for some new understanding.  Each guiding question is 
discussed individually, with general observations and interpretations from the context of 
the intervention and experience of other investigators.  Conclusions regarding the 
participants’ conceptual change from naïve to informed views regarding NOS are drawn 
from the interpretation of the data analysis and are discussed.  Perhaps the most important 
and original information that this research presents to us is how complex, deeply rooted, 
and intertwined are individual participants’ conceptions representing the nature of 
science.  These interact with science content material and new experiences in science to 
develop a conceptual framework.  Although the instruction and interviews elicited many 
different responses regarding the nature of science, the conceptual framework of each 
learner shifted from naïve to informed in certain aspects of VNOS.  
Summary of the study 
 To answer the research questions about pre-service science teachers’ views of 
NOS and how they change, this study involved four participants enrolled in a university 
physics class.  The volunteer participants were administered a pre-VNOS/VOSI-PHYS 
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questionnaire to determine their nature of science views as naïve, transitional, or 
informed (Lederman, 2000).  The participants’ responses were reviewed by the 
participants and then coded before the unit on waves started.  In addition, after the 
participants reviewed their responses, they started creating their concept maps about the 
nature of science, and they were asked to continue concept mapping every day until the 
teaching of the unit was over.  As the participants were learning the unit of waves, they 
were also given daily questions related to the nature of science and their responses were 
recorded.  These questions were meant to help participants in developing the concept map 
and to focus their ideas on NOS.  When the wave unit ended the students were 
administered a post-VNOS-PHYS again, and their responses were coded similarly to the 
previous coding as naïve, transitional, or informed.  Analyses compared the participants’ 
views before and after the wave unit, and the finding concluded the on certain questions 
participants transitioned away from naïve views. 
Cross-Case Analyses 
This section describes themes in “what” this researcher’s participants understand 
about the NOS.  These themes have been identified as a result of looking across the four 
conceptual frameworks described in the previous chapter. For the purposes of this com
-
parison, three different themes emerged and were considered along with the participants 
views: First was the participants’ view of science; second were their concepts of the 
difference between theories and laws; and third was their understanding of the tentative-
ness and creativity in science. These three themes were selected based on their prominent 
placement in the case studies and their importance to the conception of the NOS as a 
whole. These themes allowed for a more succinct characterization of how a learner might 
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think about the nature of science, and using these themes, the case studies can be viewed 
in parallel in Table 21. 
These cross-case analyses were conducted by using the constructed data tables of 
the pre and post VNOS-PHYS views. Participants categorized as having naïve NOS con-
ceptions responded with little information and little knowledge about a topic. Transitional 
categorization implied participants could not defend or justify their views. Finally a parti-
cipant was categorized as informed if they explained views correctly and could validate 
their views. The data tables in the previous chapter represented the conceptual framework  
Table 21  
Summary of all the participants’ NOS views pre and post wave unit  
Category of Views Murphy Tracey Sarah Denise 
Science definition views 
Before wave unit Naive Transitional Naive Transitional 
After wave unit Transitional Informed Transitional Informed 
Theory definition views 
Before wave unit Transitional  Transitional Transitional Transitional 
After wave unit Informed Informed Transitional Informed 
Laws definition views 
Before wave unit Naive Transitional Transitional Transitional 
After wave unit Transitional Informed Transitional Transitional 
Tentativeness and creativity views 
Before wave unit Naive Transitional Naive Transitional 
After wave unit Transitional Informed Transitional Informed 
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of each learner; these tables allowed for a straightforward comparison of the four cases. 
In addition to using the data tables to conduct these cross-case analyses, the narratives of 
the previous chapter may also be used to further articulate and support the cross-case 
claims.  
Views of Science 
Three of the four learners of the preceding case studies primarily viewed science 
for what it produces, rather than for how it actually proceeds.  Although each had unique 
ways of describing exactly what product of science was important, Murphy, Sarah, and 
Denise all placed emphasis on the knowledge produced by science over the process 
through which science ascertains such knowledge.  For example, after the wave unit 
Murphy explained “science as knowledge that is considered by scientist, it is changeable, 
and it is based on facts.”  This is in contrast to a comment he made before the unit 
“science is the study of the world.”  Thus, Murphy’s view changed from naïve to 
transitional (Table 21).  Based on Murphy’s descriptions, I argue that his conceptions of 
science and its nature have changed.  As such, while he can define science in terms of 
being a process, the effects of science are emphasized far more when he is not asked to 
define science explicitly. Consistent with this product view of science, Murphy looks to 
science to produce “facts” or “truth” that one can find in a textbook.  Tracey, on the other 
hand, emphasized the inquiry processes of science over the knowledge that it produces; 
yet this emphasis was not to the exclusion of the knowledge produced by science.   
The fact that three out of four of the learners understand science to be primarily 
represented by the knowledge which it produces is not the complete story. The core of the 
issue is that these learners understand science in a very particular manner, one that is 
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partially correct, but at the same time this partially correct understanding is getting in the 
way, conceptually speaking, of the understanding that we would want them to take away 
from a science course. For example Tracey understands, and as she told me, “science is 
primarily represented by the knowledge which it produces and it is not the complete 
story.” The core of the issue is that she understands science in a very particular manner, 
one that is partially correct, but at the same time this partially correct understanding is 
getting in the way, conceptually speaking, of the understanding that we would want them 
to take away from a science course. Viewed from the conceptual change model of 
learning (Posner et al., 1982), Tracey is holding on to the definition of science and she is 
satisfied with – in addition to finding the concept plausible, understandable, and fruitful – 
and have no reason to consider replacing this concept.   
The participants who suggest most prominently that science is the knowledge 
produced by scientists or is in science texts seem to also suggest that science has a certain 
usefulness and direct application in our lives.  This theme regards what the learner 
considers science’s purpose to be.  (Denise and Tracey do this most explicitly, while 
Sarah and Murphy hint at it.)  Tracey, who consistently describes science as something 
which asks questions and seeks explanations, describes science’s purpose only to be to 
understand, rather than to have usefulness, and this allowed her to move from transitional 
to informed (Table 21).  
The application purpose of science can show itself in a variety of forms.  For 
Murphy, the most prominent is the idea of science pinning down variables in order to find 
reality of the situation.  Murphy claims that “people must come to understand our 
surroundings better so that we can develop a sense of what is happening to us.”  Denise 
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suggests a similar value for science, but one that is at the level of individuals more than 
for humanity as a whole.  She looks to science for improving medicine and people’s 
health. 
Laws and Theories Definition: Combination Versus Isolation  
“Science as a way of knowing” could very well be the most difficult concept 
within the set of NOS concepts to come to fully understand.  None of the learners 
documented in these case studies really came to fully comprehend the idea that science 
incorporates theories and law in order to understanding our surroundings.  This lack of 
understanding was made especially clear by the participants during this study and 
summarized in Table 21. 
In some cases, individuals find ways to mesh laws and theories together, in order 
to produce a singular, personal meaning.  In other cases, individuals compartmentalize 
any knowledge that they may have of laws and theories so that the two do not conflict.  In 
some other cases, individuals are not aware of or choose to ignore any conflict or 
interaction between laws and theories, likely because they have not been taught properly 
the difference between the two.   
All of the participants, at one time or another, described science laws as separate 
from science theories.  This was most obviously done when the learners mentioned that 
laws were found in the natural world, while theories are scientists’ explanation of the 
natural phenomenon.  However, all of the learners in these case studies had some 
reservation for certain scientific theories, and this reservation was caused by a learner’s 
personal commitments to other beliefs regarding certain aspects of the scientific theory 
(e.g., atomic theory, big bang).  Thus, although it may be stated that theories and laws 
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describe different things or have different bases, a learner could still evaluate something 
with a scientific basis using a way of knowing based outside of science.  
In Sarah’s case especially, we witness the notion of the desegregation of laws and 
theories. Sarah takes what she knows about theories with what she knows about laws and 
integrates them together.  Again, even though on a personal level this should not be 
looked down upon, when considering that this individual will be teaching science we may 
be concerned.  Sarah and presumably others like her accept certain scientific knowledge 
not so much because of the evidence that is provided for it but because it does not contest 
any of their other beliefs. 
Science Tentativeness and Creativity 
Certainly, the concept of the tentative nature of science and creativity can have 
many interpretations, even by philosophers and educators of science (Alters, 1997; 
Lederman & O'Malley, 1990).  If one begins to compare the nature of Popper’s science, 
which goes through evolutionary-like changes (1962), to the nature of Kuhn’s description 
of science, which undergoes revolution-like changes (1970), it becomes clear that the 
tentative aspect of scientific knowledge can have multiple interpretations.  However, it 
should at least be clear that scientific knowledge itself, since it is created by humankind 
and because it is always subject to testing, must always be up for the potential to change 
through the use of creativity.   
Each of the case study participants, at one time or another, gives an indication that 
they views scientific knowledge as being tentative and creative.  The definition of 
tentativeness, according to Lederman et al. (2002), that we may be striving to relate to 
students that scientific knowledge should always be testable and could always be found 
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to be false in light of new evidence, and that scientists use creativity to gain knowledge is 
not necessarily the definition that a learner understands, even when as Denise states that 
“scientific knowledge can change.”  This was similar to the work of Lederman and 
O’Malley (1990), who found that high school students could reflect an understanding of 
the tentative nature of science and creativity when asked about them in a questionnaire, 
but would represent this tentativeness and creativity in limited ways when they were 
subsequently interviewed.  
The meaning of the tentative nature of science was one of the key aspects of the 
participants’ conceptual frameworks.  Generally, the most prominent conception was that 
scientific knowledge must be dependable and therefore must be reflecting some ultimate 
truth about the physical world.  In addition, when these participants did describe 
scientific knowledge as tentative, their definitions of tentative could have multiple 
meanings.  These included tentative when viewed historically, tentative due to mistakes 
that science could make or due to technological limitations, and tentative due to their own 
uncertainty or disbelief in some particular piece of scientific knowledge (Abd-El-Khalick 
et al., 1998; Lederman et al., 1999).  
Tracey at one time or another gives an indication that she views scientific 
knowledge as tentative and creative.  The definition of tentativeness that we may be 
striving to relate to students is that scientific knowledge should always be testable, that it 
could always be falsified in light of new evidence and that scientists use creativity to gain 
knowledge.  This is not necessarily the definition that a learner understands, even when 
Tracey states that “scientific knowledge can change.”   
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In this research, each learner had a specific understanding of the definition of 
science and what constitutes creativity, whether or not they were conscious of their 
specific understanding.  Tracey, equating science with learning, viewed tentativeness of 
scientific knowledge through our observations and through performing specific 
experiments, but scientists had to come up with creative experiments at the scale they 
could work on in their labs. Murphy viewed tentativeness from a historical perspective, 
considering that there are many examples where scientific knowledge has been proven 
wrong in the past because scientists use creativity and imagination to test a set of 
variables.  Denise, unlike Sarah, viewed scientific theories as a lot of data that is 
explained through an experiment which scientists use creativity and imagination to 
design different types of experiments.   
What we witness in looking at the multiple views of what constitutes 
“changeable”  and “creative” scientific knowledge is that this particular concept is 
problematic not only because a student may not be aware of this aspect of science, but 
because they can easily misinterpret this aspect (Lederman et al. 2002).  All of the 
participants in this case study may be able to associate scientific knowledge with 
“changeable,” but what this means is not exactly what is strived for when we imagine 
someone who fully understands NOS concepts.  
Study Conclusion 
This research has considered how nature of science concepts exist and change in 
the conceptual framework of four learners who intend to become high school science 
teachers.  As individuals in a conceptual physics course which explicitly addressed NOS 
concepts and as participants who interacted with the researcher during in-depth, reflective 
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interview sessions that considered NOS concepts, these pre-service teachers’ changes in 
views from naïve to informed were similar to what was advocated in previous research.  
As Akerson states (2000, p. 297):  
We believe that developing science teachers’ views of NOS would be 
achieved best in the context of science content courses.  An explicit, 
reflective approach to NOS instruction embedded in the context of 
learning science content would not only facilitate developing science 
teachers’ NOS views, but might go a long way in helping teachers 
translate their NOS understandings into actual classroom practices.  
This research is in full support of the importance of learning NOS by pre-service 
science teachers as Akerson and others promote.  Yet, this research also shows that there 
remain more intricate details to be addressed by other research into how the pre-service 
teachers incorporate the informed NOS views into the classroom.  Such details inform 
our research into NOS conceptions and how they are learned, and they also inform 
descriptions of conceptual change in general.  “Details” regarding participants’ con-
ceptual change in views from naïve to informed are what fill the previous chapter. What 
is necessary at this stage is to disseminate a summarization of these details.  This is done 
by addressing the research question explicitly, and then describing the implications of the 
answers to such questions.  
Discussions of Research Questions 
Although the answers to the first research questions of what are the pre-service 
science teachers’ concepts about the nature of science prior to taking a college graduate 
level conceptual physics class, and the answers to the second question of how does the 
nature of science conceptions of pre-service science teacher form, develop, and change 
when learning the unit on waves in conceptual physics have been stated in the fourth 
chapter of this manuscript, now I will provide these answers in an abridged form.  
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The answer to the first question of what are the participants’ NOS views, which 
are summarized in Table 21, is that they held a variety of views.  The responses varied 
from naïve views on a few of the answers, such as Murphy’s responses to science and 
theories.  The view held by all the participants at the beginning of the research was 
predominantly transitional, while the informed view could only be coded for a couple of 
the responses.   
Both of the questions take into consideration nature of science, but they imply 
what the NOS conceptions were and what changes in these conceptions took place.  In 
this study conceptual change took place in the context of these learners and their NOS 
conceptions.  The minimal changes shown in Table 21 were the result of assimilation 
more than accommodation, and still did not represent the change that would have been 
necessary to produce conceptions that were in line both with what the course intended 
and what science education reform advocates.  
How did these learners understand NOS?  The answer is both simple and 
complex.  The participants expressed a continuum of contrasting ideas – from naïve 
views regarding laws and theories to an informed view of tentativeness and creativity in 
science.  The results of this showed that each learner understood science and its nature in 
a different way from any other learner; and each individual participant came to develop a 
more sophisticated understanding of NOS, depending on the probe used to elicit her 
description.  
For their understanding of science itself, participants generally could provide 
descriptions of science that highlighted its many aspects, but these learners did not ever 
combine all of the multiple dimensions of “what science is” at once.  Murphy, for 
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example , though he may have formally defined science as a process, generally referred 
to what science does by its knowledge and the application of such knowledge.  Even 
though “what is science” was taught explicitly by the instructor throughout the wave unit 
when lab activities were done, Murphy and the other three participants never defined 
science in a manner that included its knowledge, its processes, and its means of 
understanding all at the same time.  Rather, the participants’ conceptual change occurred 
when they changed their definitions of science to appropriately fit different concepts as 
Chi (1992) describes in his schema theory.  
Much research (e.g., Abd-El-Khalick et al., 1998; Akerson et al., 2000; Lederman 
et al., 1999) shows that explicit instruction of NOS concepts is necessary if such concepts 
are to be well understood.  As a result, it would make sense that participants should spend 
most of their time trying to understand traditional physics with explicit incorporation and 
not at the exclusion of NOS concepts.  So at times, Sarah had other things in mind and 
therefore did not respond to the explicit discussion of NOS, and this was attributed to her 
confusing of both the content material and NOS content.   
The idea of science as a way of knowing was especially enigmatic to these 
participants. Although they tended to suggest that science used some creative processes, 
they claimed that science knowledge was directly discovered, rather than created by 
humankind. In addition, even though they tended to outwardly suggest diverse ways of 
knowing the difference between theories and laws, they had similar bases of 
understanding and thus did not produce understandings that are directly comparable.  
This research recognizes that the creation of personal understandings is part of what 
makes us human and part of what helps us make sense out of the world.  However, in 
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their own personal evaluations of the world, the learners did not show any regard for how 
different epistemological stances produce knowledge in different ways.  Because of this, 
their personal views deeply impacted certain views of science.  Ultimately, this was 
shown to influence how they envisioned science teaching as well.  
Another aspect of the second research question, what changes in these concep-
tions took place, deals with the way learners developed and changed their understanding 
of NOS and the underlying theme of what contributed to the change.   In this study 
conceptual change took place in the context of these participants and their NOS 
conceptions, and more importantly, it is not simply the explicit instruction that impacts 
the learning of NOS concepts.  While explicit instruction, as Abd-El-Khalick et al. (1998) 
point out regarding NOS ideas and further justified in this work, this research also shows 
that explicit instruction is working against a multitude and wide variety of other factors 
that interact with a participants’ understanding of NOS because they could have 
incorporated their misconception, unknown to the researcher, regarding NOS during this 
research process. 
One of the factors influencing NOS conceptions is a learner’s understanding of 
knowledge itself.  In general, these learners reflect the perspective of naive realism, being 
able to imagine the existence of a directly observable and knowable universe.  Further-
more, they exhibited only one epistemological perspective – one personally accepted way 
of evaluating and creating knowledge – even when describing entities of different 
epistemologies, such as science and religion. It became apparent in this research that 
learners were much more apt to begin to learn a concept if they realized that the concept 
itself existed before they started to think abstractly about the ideas representing the 
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concept.  One of the main contributions to the current research on NOS is the fact that 
Tiffany and Denise exhibited conceptual change by having more informed views at the 
end while Murphy and Sarah had moved toward transitional views Table 20.  These 
changes seem to be strongly tied to research that has shown the effectiveness of explicit 
NOS instruction (e.g., Abd-El-Khalick et al., 1998; Akerson et al., 2000; Lederman et al., 
1999), and since this research’s results concur with researchers like Lederman’s and Abd-
El-Khalick’s claim that explicit instruction is one of the ways by which concept 
awareness can occur.   
The data from this study show how a learner’s entire conceptual understanding of 
science content impacted how they think about the nature of science.  This included not 
only their affect and motivation for learning a concept, but also their general system of 
intuitive knowledge and beliefs (West & Pines, 1985, pp. 2).  A student may be able to 
consider a certain concept non-plausible because the concept itself does not seem right to 
their affective evaluation.  The student is also motivated to learn certain concepts and not 
others due to their own personal interests, course assessment and grading, and ideas about 
science teaching.  A student is also evaluating all knowledge through a conceptual 
framework that includes not only the formal knowledge of the classroom, but also the 
informal knowledge that is constructed in his or her interactions with a society, culture, 
family, schooling, and religion.  This is especially apparent in the conceptualizing of 
NOS concepts and which Lederman et al. (1999) make a claim to the importance of 
making connection of science to the world around us.  
The fact that participants’ conceptual change occurred for different questions 
regarding NOS tells us something about the conceptual change process itself.   First, it 
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reaffirms the notion that conceptual change is a process that is not only difficult to come 
by but also is not a process that describes learning in general (Strike & Posner, 1992).  
Certainly, the participants in these case studies were reflective participants in the process 
and they gained knowledge of NOS compared to the beginning of the study which could 
be attributed to participants making schemas, as seen in the concept maps, between the 
different NOS concepts.  Also, the conceptual change, from the beginning of the research 
until the end, was demonstrated when the participants were making appropriate 
connection in their concept maps regarding explicit NOS views.    
To really appreciate the problems in learning nature of science concepts, one must 
also account for how NOS knowledge is structured; and how different factors interact 
with concepts and conceptual change (Strike & Posner, 1992). Rather, the conceptual 
change model (CCM) can help us account for much of the data that has been presented.  
This is most apparent in the consideration of how effectively learners of these case 
studies have been able to compartmentalize conceptions.  That is, it is evident that a 
participant like Sarah can hold competing conceptions regarding the nature of science, 
and different conceptions can be elicited at different times, in response to different 
situations.   
If the participants are never aware of their own conceptions, it is not possible for 
them to become dissatisfied with a conception.  For example, these case studies showed 
participants who would generally characterize scientific knowledge as being discovered 
(rather than created), but also as tentative in the knowledge which it produces.  Such 
concepts should contradict one another, and would then cause some kind of 
dissatisfaction with one concept or the other.  However, it seems that these learners are 
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not aware enough of their own conceptions (even after some reflection via the interview 
probes) to become dissatisfied with them.  Without dissatisfaction, there is no potential 
for conceptual change, according to the CCM, as has been shown in multiple instances 
(e.g., Guzzetti & Hynd, 1998; Posner et al., 1982; Smith &Blakeslee & Anderson, 1993; 
Vosniadou, 1994).  Teaching implications that follow from this will be addressed later in 
the chapter.  
An especially striking example of misunderstanding what science entails was 
shown in the participants’ response.  Excluding Tracey’s answer, the participants’ 
characterizations of science as knowledge at the exclusion of its characterization as a 
process or way of knowing were different from the accepted explanation of science.  As 
has already been noted briefly, the case study participants represented science primarily 
by its knowledge, even though explicit instruction and laboratory activities were used to 
expose these students to science’s processes and ways of understanding.  However, these 
learners were never dissatisfied with their conception of science as knowledge.  In fact, 
understanding that science is made up of knowledge is actually partly correct, so it was 
not something that this science class, or science classes in general, contests (Abd-El-
Khalick et al., 1998; Lederman et al., 1999). Being a “partly correct” conception, in other 
words, a step in the right direction towards full understanding of the concept of science, it 
is good that these participants did not become dissatisfied with this idea.  However, to 
fully understand the meaning of science, all four participants needed to understand that 
their definition of science was limited in what aspects of science it addressed.  
These participants, in already understanding part of the concept of science, did not 
need to complete a traditional, indiscriminate conceptual change.  In fact, the conceptual 
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change process that they needed to face was something in between the assimilation and 
accommodation changes described by the CCM; Posner et al. (1982) and Demastes et al. 
(1996) describe such changes.  Of particular application to this discussion is their 
description of how the participants may understand part of a large concept, but a 
misunderstanding of one particular, smaller concept will impede the conceptual change 
process.  
This process of conceptual change can help more with the discussion of these 
participants’ conceptions of science.  These participants I have described understand 
science as it is represented by knowledge regarding the natural world.  They can also 
describe processes used by science, but they tend not to use these processes as being 
fundamental to the definition of science.  Therefore, sub-concepts according to Chi 
(1992) that could be pieced together to build a conception of a topic are existent, but 
remain separate and are given unequal weight by these participants.  It seems it is 
necessary to recognize a concept that represents a definition of a single entity, such as the 
nature of science, which can be broadened in order to include products, processes, and 
ways of understanding, all inclusively (Lederman et al., 1999).  Without this science 
concept, the full meaning of science cannot be understood.   
Participants’ concept maps also showed much of the conceptual understanding in 
the way participants linked their ideas about the nature of science.  Even though evidence 
was observed to make definite conclusion that the NOS views did not change drastically, 
concept mapping by the students helped them frame and comprehend many aspect of 
NOS.  Concept mapping strategy purports to lead to meaningful concept learning, and the 
knowledge gained from using the concept-mapping strategy can be transferred to new 
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tasks (Novak, 1998).  Two of the participants, Tracey and Denise, claimed that concept 
mapping was beneficial to them in making their ideas clearer about NOS and physics 
content.  The favorable response to the concept-mapping strategy should encourage 
further use and refinement of this strategy when teaching science and the nature of 
science.    
 This study regarding the changes from naïve to informed views substantiated 
earlier research in the nature of science area (e.g., Abd-El-Khalick et al., 1998; Akerson 
et al., 2000; Lederman et al., 1999).  It reiterated observations made about pre-service 
science teachers’ views about NOS when learning a science topic, that NOS views can 
shift, Table 20, when reflecting on the nature of science.  This study demonstrated some 
of the problems the pre-service teachers encounter as they construct scientifically-viable 
propositions such as nature of science.  It illustrated a relationship between an inability to 
handle abstract science concepts, an inability to make relationships between the concepts, 
and at times an inability to change their views about the nature of science.  The 
observations have pinpointed some of the novel strategies science teachers use in 
attempting to construct concept maps about the nature of science, and an attempt was 
made to explain why pre-service science teachers might use these methods to further 
expand their students’ knowledge of NOS. 
In summary, the value of listening to pre-service science teachers as they try to 
develop their NOS understanding has been shown by the observations that have been 
elucidated.  By carefully analyzing their students’ responses about the nature of science, 
teachers can begin to understand the difficulties learners’ experience in dealing with 
certain science concepts (Abd-El-Khalick et al., 1998; Lederman et al., 1999).  The 
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importance of considering student differences in NOS views when proposing teaching of 
NOS has been underscored.  By constantly evaluating students’ responses regarding the 
teaching of NOS, teachers can evaluate the development of students’ views regarding 
NOS, which may be useful in their own classrooms when teaching the relevance of NOS.     
Limitations 
 I am well aware of the limitations of the overall findings of this research.  While 
the study was conducted using reliable and valid methods, a number of factors may have 
influenced this study.  First, the population of this study included only pre-service science 
teachers who were interested in teaching high school science. The second limitation was 
that the participants used study techniques which were familiar to them, concept 
mapping, yet still did not follow the instruction about proper concept map construction.  
The participants were informed to construct their concept map vertically to make it easier 
in counting the links; one did it as a round map and the other more horizontal than 
vertical.  That put the two participants at a disadvantage when scoring the concept maps. 
The third limitations was that the study occurred near the end of the semester in a course 
taught during the summer, and at times, the participants’ anxiety about their grades and 
looking for a teaching position affected their participation. A fourth limitation was that 
the amount of time dedicated to this research might have been insufficient to see 
complete change in participants’ NOS views.  Finally, the pre and post test administration 
regarding NOS may have skewed the scores away from naïve and toward informed 
because participants realized what the researcher was looking for in their responses.  
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Implications 
Research implications: Questions 
Understanding pre-service science teachers’ views regarding the nature of science 
and how their views change is important to the research community.  In the physics class 
participants performed experiments that were developed to understand the physics 
content and also had relevance to understanding certain aspects of NOS, such as the 
difference between laws and theories.  These participants not only learned the difference 
between the two during the lab portion of the class, but laws and theories were also 
discussed directly by the instructor.  So, explicit instruction was used to differentiate 
between the two concepts.  This type of instruction is what has also been recommended 
NOS researchers (Abd-El-Khalick et al., 1998; Akerson et al., 2000; Lederman et al., 
1999).     
 A research pursuit that would be beneficial to science teachers is to expand the 
previous work investigating how explicit teaching of NOS concepts leads to better 
student understanding (Abd-El-Khalick et al., 1998; Akerson et al., 2000; Gess-
Newsome, 1999; Lederman et al., 1999).  Although it is valid to claim that explicit 
concept coverage helps learners to conceptualize NOS appropriately, only a limited 
amount of research has asked why this is the case, and whether there are specific content 
areas that could help learn NOS implicitly (Schwartz et al., 2000).  The research reported 
here suggests that explicit instruction is effective because it leads to concept awareness.  
However, the extent of this factor and the extent to which other factors can be used in 
teaching have yet to be explored completely.  Some steps in this general direction have 
been taken in the work of Akerson and colleagues (2000), showing that other teaching 
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strategies, such as inquiry based labs and student science fair projects, which, by my 
evaluation, would seem to further promote concept awareness further enhance learning.   
This study documents the tendency of pre-service science teachers to lack 
awareness of the epistemological underpinnings of any way of knowing. Participants in 
this study tend to take the position of a naive realist, and at times they lack the awareness 
that multiple epistemological stances are even possible which is represented by responses 
to the differences between theories and laws, and the importance of creativity in science.  
This trend should be further investigated, as well as what teaching and curricular 
innovations can be used to expand students’ awareness of epistemology.  
Finally, this research shows that NOS conceptions are not islands unto 
themselves, nor are they only connected to formal school knowledge.  Instead, they are 
intimately tied to a learner’s values and affective dedications.  These connections are only 
possible through the very deep probing that is characteristic of this study and is ultimately 
informative both for understanding NOS learning and the understanding of conceptual 
change learning in general.  More details of these interactions should be actively sought.  
Research implications: Methodology 
Much of this research’s results and analysis are indebted to its methods.  
Specifically, this research would not have been possible without its qualitative nature and 
its use of many different types of probes.  The limitation, however, is that this study 
measured the conceptions of only four participants, yet the description of these 
conceptions was much more in-depth than other methods might have provided.  Since 
NOS concepts, as shown by this research, are in fact so deeply hidden in the conceptual 
framework and surrounded by a turbulent cloud of external considerations, I suggest that 
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NOS research methods must necessarily look to provide the kind of thick description 
provided by this research.  This places certain requirements on how NOS research probes 
can be used.  
First, a NOS probe or set of probes needs to be able to detect the multiple 
meanings that a learner can ascribe to a particular term.  As was the case with “tentative” 
or “science,” these words do not evoke one concept each but can represent multiple 
meanings based on the context being considered.  Related to this point, a probe or set of 
probes needs to be able to document any inconsistency in a learner’s conception.  That is, 
it needs to be shown when a student uses different understandings to describe what 
should otherwise be a singular concept. Again, this can be made possible when multiple 
probes, representing different contexts are used.  Finally, this study has also shown that 
probes which hide their intent need to be used. In other words, a student might give a 
routine answer to the question, “What is science?” but may give a quite different 
description of what one thinks science is when he or she describes science in a less direct 
manner.  Multiple ways of getting at NOS conceptions need to be further developed.  
Again, these will most likely take on a qualitative nature.  
It should also be suggested what NOS probe should not look like. In this study, I 
have documented that a probe such as the VNOS is accurate in assessing nature of 
science conceptions with an interview session.  While specific statements of the 
questionnaire can evoke an interesting and informative response when used in the context 
of an interview probe, the quantitative scoring of such an instrument is not telling the 
researcher exactly what needs to be known.  If one is to start understanding exactly what 
students know about NOS, and exactly how they develop these meanings, then a much 
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richer description of their conceptual frameworks needs to be derived. Although the 
VNONS/VOSI-PHYS and other quantitative probes might add some meaning to research 
which uses a multitude of probes, its solitary use should not be advocated as a means to 
assess the true nature of NOS understandings.  
The use of indirect probes that asked an interviewee to consider a concrete, real-
life situation was particularly useful in this research.  Although direct probes/questions 
such as “What is science?” were helpful, the answers to these could often be reflections 
of something a learner had heard in class or could be too vague to provide a great deal of 
information.  However, having the participant actually responding to something other 
than a question tended to elicit a more straightforward response that was based in 
something that they could picture, and thus describe more concretely.  As a researcher, I 
will continue to use these probes in the future and hope that other research continues in 
this direction as well.  These probes were specifically designed to be mainly used in 
physics research on NOS, but other researchers could modify the VNOS-PHYS 
instrument to suit there intended research.   
Implications for Teaching Science 
The results of this research imply a couple of mechanisms by which conceptual 
gains in NOS understanding can be attained.  These kinds of mechanisms are congruent 
with previous displays of effective learning through explicit NOS instruction (Abd-El-
Khalick et al., 1998; Gess-Newsome, 1999; Lederman et al., 1999) and with the 
demonstration that reflective and conception-challenging activities further enhance NOS 
learning (Akerson et al., 2000; Akerson & Abd-El-Khalick, 2000).  Also the research 
methods in this study elicited students’ reflection promoting metacognition.  These 
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reflective activities of concept mapping and daily NOS questions could be used in the 
physics classroom to focus on NOS aspects allowing for greater conceptual change to 
occur.  
First, teaching should look to promote concept awareness.  NOS concepts, already 
being abstract and seldom addressed in traditional curricula, need to be revealed to 
students during the content disucssions.  This seems to be where the strength in explicit 
instruction lies.  Second, activities which promote a student’s reflection and 
metacognition should be further advocated, as previously discussed and shown (Akerson 
et al., 2000; Akerson & Abd-El-Khalick, 2000). As reflection and metacognition seem to 
be what the learners in Akerson’s work utilize in the curricular innovations documented 
there, it could very well be that metacognitive and reflective skills could be further 
advocated in a general way in the classroom in order to promote not only the learning of 
NOS concepts, but also the learning of abstract and personally challenging concepts in 
general.  This may also involve addressing the multiple self-efficacies in the classroom – 
how students perceive themselves as learners – and methods used to help improve these 
self-efficacies would be welcome, as any such improvement could lead to greater 
reflection and metacognition, ultimately aiding learning and thinking in general.  
Most radical of the teaching implications to be found here is the suggestion that 
instruction regarding the meaning of ontological and epistemological bases may prove 
effective. Training in epistemological underpinnings of knowledge could also be useful 
when trying to convey the differences and limitations of various means of producing 
knowledge.  That is, if students are to better understand how science produces knowledge 
and what kind of knowledge it can produce, they need to better understand the nature of 
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knowledge in the first place.  It may be that learners can understand that the way science 
produces knowledge is unique only if they are shown that there are other ways of 
producing knowledge (epistemologies) available.  Thus, perhaps a direct comparison 
between religion and science needs to be explicitly shown before science can be fully 
understood on its own.  
The above suggestion may raise objections because, especially in the education of 
our pre-service science teachers, there is a limited amount of time in which science 
content knowledge (e.g., Newton’s laws, atomic theory, evolution, etc.) can be 
disseminated during a teaching program. Given this limited amount of time, a focus on 
the epistemological underpinnings of science and comparing it with religion and other 
ways of knowing could explore other, already limited, science instruction.  One could 
instead suggest that, because NOS ideas are so difficult to fully understand, we should 
completely forego their instruction in favor of other science content and teaching 
pedagogy that pre-service teachers will both be able to understand and use in their 
classrooms.  
I would argue that instead we must strive for a balance.  Although the knowledge 
of science and the nature of science could be focused on independently from one another, 
we must work to integrate both of these into the same curriculum.  As has been shown by 
Loving and Foster (2000), Smith and Scharmann (1999), and National Academy of 
Sciences (1998), there exist multiple ways of incorporating interactive nature of science 
curricula with science and science teaching methods coursework.  The challenge will be 
to design and implement an entire set of courses for the pre-service population explicitly 
addressing the foundations and assumptions of science hand in hand with the knowledge 
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content of science.  We should consider how to develop science curricula which do not 
trample on belief systems, but at the same time show science’s unique and valuable way 
of understanding the world. 
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APPENDIXES 
APPENDIX A 
Daily Calendar Schedule for NOS in Conceptual Physics 
Time Topics Assignment Conceptual 
Physics Topics 
Day 1 
 
1) Demographic 
Information/Interview. 
2) Draw Pre-concept map on 
conceptual physics and VNOS with SI. 
3) Complete VNOS/VOSI-PHYS. 
4) 1st Interview regarding 
VNOS/VOSI-PHYS 
4) Hand out material for the study 
Get the materials 
for lab on waves 
Electricity and 
Magnetism 
Day 2 1) Start concept mapping on waves and 
NOS 
2) Lab on waves 
Get the materials 
for lab on sound 
resonance 
Send take home 
NOS questions 
Waves, Sound, 
Reflection, 
Interference and 
beats 
Day 3 1) Add to the concept map on waves 
and NOS 
2) Lab…Sound resonance 
Send take home 
NOS questions 
Sound 
resonance 
Strings 
Air columns 
Day 4 1) Add to the concept map on waves 
and NOS 
Send take home 
NOS questions 
Sound reflection 
Interference 
Refraction 
Diffraction 
Day 5 
 
1) Add to the concept map on waves 
and NOS 
Get materials for 
Snell’s Law lab 
Send take home 
NOS questions 
Light refraction 
and lenses 
Vision 
Camera 
Day 6 1) Add to the concept map on waves 
and NOS 
2) Lab….Snell’s Law 
Send take home 
NOS questions 
Light 
Lenses 
Color 
Polarization 
Day 7 1) Add to the concept map on waves 
and NOS 
Send take home 
NOS questions 
Wave particle 
duality 
Photoelectric 
effect 
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Day 8 
 
1) Add to the concept map on waves 
and NOS 
Send take home 
NOS questions 
Light quanta 
Failures of 
classical physics 
Day 9 1) Add to the concept map on waves 
and NOS 
Send take home 
NOS questions 
Nuclear Energy 
Day 
10 
1) collect the concept maps on waves 
and NOS 
2) hand out VNOS/VOSI-PHYS 
 
 Nuclear Energy 
Day 
11 
1) Post Interview questions. 
2) Retake and complete VNOS/VOSI-
PHYS. 
3) 2nd interview regarding 
VNOS/VOSI-PHYS 
 Nuclear Energy 
Day 
12 
Analyze the post interviews and VNOS 
answers 
 Nuclear Energy 
Day 
13 
Interview if necessary for clarification 
about various questions, topics, etc. 
 Nuclear Energy 
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APPENDIX B 
Demographic Survey 
 
1.  Name: 
2.  Gender:  Circle  Male   Female 
3.  What is your age? 
4.  List all earned degrees Degree  Major  Minor 
 
5.  What is your current degree program, or course of study? 
 
6.  Are you presently teaching? 
 If so what subjects and grade level? 
 If not what science classes do you expect to be teaching and at what grade levels? 
7.  What physics classes have you taken, or are you currently taking?  Include classes  
taken in high school, college, etc? 
8.  Why are you taking the algebra based conceptual physics class? 
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APPENDIX C 
VNOS/VOSI-PHYS Questionnaire 
 A physics modification of VNOS-B, VNOS-C, and VOSI instruments from 
Lederman et al. (2002) and Schwartz et al. (2000).  Participants will respond to these 
questions in writing on the first meeting (pre) before the wave unit in conceptual physics, 
and again when the unit is completed (post). 
1.  In your view, what is science?  Also what is physics and how is it different from other  
 sciences?  
 
2.  You perform a physics experiment using sound resonance tube to calculate the speed  
of sound in the tube. What is the purpose of an experiment? 
 
3.  Some physicist first believed that light was composed of waves and others described  
light as a particle. Later physicist developed the duality of light theory as describing 
light composed of both wave and particle.   
 a) What do scientists mean by theory?  
 b) Do you believe a theory changes? 
 c) Explain why we bother to study theories?   
  
4.  Snell’s Law is one of the fundamental laws of physics. Physicists experiment with  
light passing through different media to prove this law, which can be used to find 
the angle of refraction for light traveling between any two media.  
 a) What do physicists mean by laws?  
 b) How are theories and laws different?  Illustrate your answers with examples. 
 
5.  Some people have claimed that all scientific investigations, including physics, must  
follow  the same general set of steps, or methods, to be considered science.  
Others have claimed  there are different general methods that scientific 
investigations can follow.  What do you think and why? 
  
6.  Physicists perform experiment and collect data. 
 a) What does the term “data” mean in physics? 
 b)  Is “data” the same or different from “evidence”?  Explain 
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7.  a) Why do physicists perform data analysis? 
     b)  What is involved in doing physics data analysis? 
 
8.  Science textbooks often represent the constant speed of light as 2.99 x 108 m/s.   How  
certain  are scientists about this measurement?  What specific evidence do you 
think scientists used to determine the speed of light? 
 
9. It is believed by many physicists that light behaves as a wave and particle.  After  
performing experiments, some physicist first formulated a hypothesis that light 
was composed of waves and others describes light as a particle. How are these 
different conclusions possible if scientists in both groups have access to and use 
the same set of data to derive their conclusions?  
 
10.  Scientists perform scientific experiments/investigations on trying to measure the  
precise constants for the speed of light and sound.  Do scientists use their 
creativity and imagination when doing these experiments/investigations? 
a) If yes, then at which stages of the investigations you believe scientists use 
their imagination and creativity: planning and design, data collection, after 
data collection? Please explain why scientists use imagination and creativity.  
Provide examples if appropriate. 
b) If you believe that scientists do not use imagination and creativity, please  
explain why. Provide examples if appropriate 
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APPENDIX D 
Notes to VNOS/VOSI-PHYS Questionnaire 
 Notes that go along with questions to compare how the participants responded to 
the questions.  A physics modification of VNOS-B, VNOS-C, and VOSI instruments 
from Lederman et al. (2002) and Schwartz et al. (2000).  Participants will respond to 
these questions in writing on the first meeting (pre) before the wave unit in conceptual 
physics, and again when the unit is completed (post). 
1.  In your view, what is science? Also what is physics and how is it different from other  
 sciences?  
 
 (VNOS-C # 1)  
 Note: This question gets at how physics is different from other science not how 
science is different from other subjects. 
 
2.  You perform a laboratory experiment on sound resonance tube to calculate the speed 
of sound in the tube. What is an experiment? 
 
 (VOSI # 1) 
 Note:  A scientific experiment is method by which a question is answered through 
 observation, collecting data, interpreting them, and formulating an idea about  
what is the best way to answer this question. 
 
3.  Some physicist first believed that light was composed of waves and others described 
light as a particle. Later physicist developed the duality of light theory as describing light 
composed of both wave and particle.   
 a) What do scientists mean by theory?  
 b) Do you believe a theory changes? 
 c) Explain why we bother to study theories?   
  
 (VNOS-#4).    
Note: This question describes how theories can change over time.  Theories are 
explanations of what scientist try to make out of nature work.  So as scientists 
begin to understand things through observation, they reorganize the theory and 
make it into a new one. 
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4.  Snell’s Law is one of the fundamental laws of physics. Physicists experiment with 
light passing through different media to prove this law, which can be used to find the 
angle of refraction for light traveling between any two media.  
 a) What do physicists mean by laws?  
 b) How are theories and laws different?  Illustrate your answers with examples. 
 
 (VNOS-# 5).   
 Note: A scientific theory is will only occur through the eyes person or scientist  
when they begin to explain it.  A scientific law is developed when experiments 
are successful tried over and over that achieve the same results like the Gas law. 
 
A scientific theory is will only occur through the eyes person or scientist when 
they begin to explain it.  A scientific law is developed when experiments are 
successful tried over and over that achieve the same results like the Gas law. 
 
5.  Some people have claimed that all scientific investigations, including physics, must 
follow the same general set of steps, or methods, to be considered science.  Others have 
claimed there are different general methods that scientific investigations can follow.  
What do you  think and why? 
  
 (VOSI # 5) 
 
6.  a) What does the term “data” mean in physics? 
     b)  Is “data” the same or different from “evidence”?  Explain 
 
 (VOSI # 7) 
 Note:  Data are numbers that are collected to make sense of what is happening to  
the object that is being tested. 
 
7.  Physicists perform experiment and collect data. 
 a) Why do physicists perform data analysis? 
  b)  What is involved in doing physics data analysis? 
 
 (VOSI #9) 
 Analyzing data is the process of explaining what the numbers mean an  
experiment.  Data analysis is using the numbers in formulas to make a 
interpretation of what is being observed. 
 
8.  Science textbooks often represent the constant speed of light as 2.99 x 108 m/s.   How 
certain  are scientists about this measurement?  What specific evidence do you think 
scientists used to determine the speed of light? 
 
 (VNOS # 6) 
Note:  Many scientists would agree on the idea the speed of light constant to be 
2.99 x 108 m/s with margin of error.  Yet their explanation, or theory, will never 
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become a law  even with new changes that occur in our society such as powerful 
microscope because all of these are still experiments being done. 
 
9. It is believed by many physicist that light behaves as a wave and particle.  After 
performing experiments, some physicist first formulated a hypothesis that light was 
composed of waves and others describe light as a particle. How are these different 
conclusions possible if scientists in both groups have access to and use the same set of 
data to derive  their conclusions?  
 
10.  Scientists perform scientific experiments/investigations on trying to measure the 
precise constants for the speed of light and sound.  Do scientists use their creativity and 
imagination when doing these experiments/investigations? 
 a) If yes, then at which stages of the investigations you believe scientists use their  
  imagination and creativity: planning and design, data collection, after data  
  collection? Please explain why scientists use imagination and creativity.  
Provide examples if appropriate. 
 b) If you believe that scientists do not use imagination and creativity, please  
explain why.  Provide examples if appropriate 
 
 (VNOS # 10) 
 Note: All the time scientists are looking for way to explain theories, so they have  
to be creative in their explanations.  The way they approach a question is 
creativity in itself, because it takes an imagination to think about solving a 
problem in a specific way. 
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APPENDIX E 
CASE STUDY INTERVIEW QUESTIONS  
List of potential pre-participation interview questions 
• What is science? (Refer to questionnaire?) 
o What does doing science involve? 
o What does science do for us? 
o  Why do we do science? 
o  How is science different from other disciplines or processes? 
o  Why is it important to teach science? 
o How can good scientific work be distinguished from bad scientific work? 
 
• Describe the following: 
o a scientific fact 
o a scientific law 
o a scientific theory 
o  How do these relate to one another? 
o How are these different from one another? 
o How are these the same as one another? 
o Which of these is better than another or more useful than another? 
 
• Are science and art similar or different? 
o What makes these two similar/different? 
o Is one more important than the other?  Explain.  
o What are the limits of science? 
o How does science compare to other ways of understanding the world? 
Does science tell us things that other ways of knowing cannot? 
• Scientists perform scientific experiments/investigations when trying to solve 
problems. 
o Why do scientists do experiments? 
o What aspects of science require creativity? 
o Do scientists use their creativity and imagination when doing these 
experiments? 
o How do scientists decide which questions to investigate? 
o When is creativity in science not necessary or not beneficial? 
o When is objectivity in science necessary or not necessary? 
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• In Paul Hewitt’s Conceptual Physics it is stated that the speed of sound is 343 
m/s.  How true is this? How would we know? 
 
• What is the importance of science? How does it compare to art? . . . to history? . . 
. to writing? 
 
• What is science literacy? What is important for students to know about science by 
the time they have finished middle or high school? 
 
• In class, the professor discussed Snell’s Law; light bending when it goes from air 
through water back into the air because it slowed down first then it sped up... 
o How could you tell the light was bending?  
o How did the scientist know the light was bending? 
o How could you tell the light was slowing down when it entered the water? 
o How could you tell the light was speeding when it exited the water? 
o  
• In the resonance lab, in which you were measuring the speed of sound using 
tubes. 
o Describe measuring the speed of sound outside the tube vs. inside the 
tube? 
o How did the speed in the air and in the tube compare? 
o Why did you calculate the percent error for the lab? 
o How is this relevant to what scientists do? 
 
 
List of potential post-participation interview questions 
• Tell me what you think nature of science is? 
• How do you think scientist do scientific inquiry 
• What do you mean by the word “experiment” 
• How do physicists do scientific inquiry? 
• Based on your experience you had during this case study, how do you think you 
might be able to teach the nature of science and scientific inquiry in your science 
classes? 
 
The remainder of this interview will be to clarify and probe more deeply into each 
participant’s written responses to the Post VNOS/VOSI-PHYS questionnaire in 
Appendix C.  The exact questions will depend on their written responses. 
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APPENDIX F 
 
Questions for everyday responses 
 
Each participant will be e-mailed a set of daily questions which listed below in the proper 
order.  The participants will be required to respond to the questions electronically and e-
mail them back to the researcher.  It is expected the questions to be answered to the 
participant’s best knowledge without using any resource materials.  
Day 1 
 
1.  What is science? 
 
2.  How do scientists decide which questions to investigate? 
 
3.  What does doing science involve? 
 
Day 2 
 
1.  Why do scientist perform experiment? 
 
2.  How do scientist decide which questions to investigate? 
 
3.  What aspects of science require creativity? 
 
Day 3 
 
1.  What are the limit(s) of science? 
 
2.  What is the importance of science?   
 
3.  How does science compare to art? 
 
 4.  How does science compare to history? 
 
Day 4  
 
1.  What does science do for us? 
 
2.  How is science different from other discipline? 
 
3.  How is physics different than other sciences? 
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Day 5  
1.  What is a scientific theory? 
 
2.  What is a scientific law? 
 
3.  How are scientific law and theory different from one another? 
 
4.  How are scientific law and theory the same? 
 
Day 6 
 
1.  In the resonance lab, in which you were measuring the speed of sound using tubes. 
 
a) Describe measuring the speed of sound outside the tube vs. inside the tube? 
 
b)  How did the speed in the air and in the tube compare? 
 
c)  Why did you calculate the percent error for the lab? 
 
d)  How is this relevant to what scientists do? 
 
 
Day 7 
 
1.  How does science compare to other ways of understanding the world? 
 
2.  Does science tell us things that other ways of knowing cannot? 
 
3.  In Paul Hewitt’s Conceptual Physics it is stated that the speed of sound is 343 m/s.   
 a) How true is this?  
 
 b) How would we know? 
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Day 8  
 
1.  In class, the professor discussed Snell’s Law; light bending when it goes from air 
through water back into the air because it slowed down first then it sped up... 
 
a)  How could you tell the light was bending?  
 
b)  How did the scientist know the light was bending? 
 
c)  How could you tell the light was slowing down when it entered the water? 
 
d)  How could you tell the light was speeding when it exited the water? 
 
 
 
Day 9  
 
1.  When is objectivity in science necessary or not necessary? 
 
2.  What is science literacy?  
 
3.  What is important for students to know about science by the time they have finished 
middle or high school? 
 
Day 10  
 
1.  Why is important to teach science? 
 
2.  How can good scientific work be distinguished from bad scientific work? 
 
3.  When is creativity in science not necessary or not beneficial? 
 
4.  Do scientists use their creativity and imagination when doing these experiments? 
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APPENDIX G 
Concept Map Example and Scoring Key 
 
 
 
 
 
 
 
Relationship 9 
Levels 4 
Branches 3 
Cross-links 0 
Total 16 
 236 
APPENDIX H 
PARTICIPANTS’ CONCEPT MAP 
 
 
 
Murphy’s pre-participation NOS concept map  
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Murphy’s final version of NOS concept map 
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Tracey’s Pre-participation NOS Concept Map 
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Tracey’s final version of NOS concept map 
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Sarah’s pre-participation NOS concept map 
 
 
Denise’s pre-participation NOS concept map 
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Denise’s Final Version of NOS Concept Map 
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APPENDIX I 
LEGALLY AUTHORIZED REPRESENTATIVE  
 
Georgia State University 
Middle-Secondary Educational Department 
 
Participant Consent Form 
 
Title:  Changes in Pre-and In-Service Science Teachers’ Views on Nature of Science 
when Learning a Unit on the Physics of Waves 
Principle Investigator:  Dr. Geeta Verma Ph.D. 
Student Principle Investigator:  Ehsan Habib Kattoula 
 
I. PURPOSE: 
 The student principal investigator Ehsan Habib Kattoula, a PhD candidate at 
Georgia State University will analyze students’ views of nature science in the conceptual 
physics class (Physics 7110 and 7120). The four participants are being asked to 
participate in approximately 18 days study that will examine their understanding of the 
nature of science as a result of taking this course. 
II. Procedures: 
 For the purposes of this research, the participating students in the course will be 
asked to take a survey and questionnaire at the beginning and end of the physics unit on 
waves. You will also be asked to reflect on questions through the use of graphic organizer 
(concept mapping).  The four participants will also be asked to participate in interviews 
with the researcher once every two days for one to two hours per interview which will be 
audio recorded. The participants understand that their participation in any survey, 
questionnaires, or interviews is voluntary and is not a requirement for this course.  
 This study will be conducted for the duration of the physics unit on wave at 
Georgia State University. You will participate in interviews, they will be held at a time 
convenient to the participants and will involve no more than two hour per session which 
will be held also at Georgia State University.  Questionnaires and surveys will be given at 
the beginning and end of wave unit, and should take less than 30 minutes to complete 
both each time they are administered. 
III. Risks: 
 The researcher anticipates participants volunteering for this study will have no 
personal risks on their part. The course instructors have been informed of the research 
being conducted, though they will have no knowledge of any personal information 
revealed by this study. Steps have been taken to ensure participant confidentiality and 
research has been designed to minimize the chance of any personal risks. 
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IV. Benefits:  
 Your participation in the study will not result in any direct benefit to you beyond 
the implicit benefits of reflection on the content that you have learned in the conceptual 
physics class.  The nature and content of my comments offered through personal 
interviews will not be revealed to the course instructors at any point and will not impact 
your course grade. 
V. Voluntary Participation and Withdrawal: 
 You recognize that your participation in this study is voluntary. Thus, you may 
refuse to participate in any survey, questionnaire, or interview at any time. Even if you 
agree to participate in the research efforts, it is your right to refuse to answer any survey, 
questionnaire, or interview question asked of you at any time, and this refusal will not 
impact your course grade.  If you decide to be in the study and change your mind, you 
have the right to drop out at any time.  However, any information already used to the point 
when you withdraw consent will not be removed. 
VI. Confidentiality: 
 For the purposes of these descriptions your identity will remain confidential and 
will not be revealed in the rough transcripts of the interviews or in any published results 
of this study.  The researcher will keep your records private to the extent allowed by law.  
As a participant in this study, you will be given a pseudonym and all information 
regarding your participation will be designated by your pseudonym. The key of names 
and pseudonyms will be kept in a secure and confidential place by the researcher and will 
not be made available to course instructors at any time. 
VII. Georgia State University Disclaimer and Contact Persons: 
 If you have any question about this study can ask them anytime during the study.  
You may reach the student principal investigator, Ehsan Habib Kattoula, in the 
department of science at Wheeler High School, phone (770) 509-3266 ext. 433, at home, 
phone (404) 622-1579, or by e-mail Ehsan.kattoula@cobbk12.org. In case of injury, 
breach of confidentiality, or other concerns that you feel you cannot safely discuss with 
the student principal investigator, you can contact the principal investigator Dr. Geeta 
Verma a Georgia State University professor at (404) 651-2519 or email 
gverma@gsu.edu.     
 If you have questions or concerns about your rights as a participant in this research 
study, you may contact the Institutional Review Board (IRB) which oversees the protection 
of human research participants. Susan Vogtner, in the Office of Research Integrity, can be 
reached at 404-463-0674.  If you have suffered any injury because of participation in the 
study, Georgia State University has not set aside funds to pay for care or to compensate 
you if something should occur.   
VII. Consent: 
 I am requesting your permission for you to participate in this study.  
I will give you a copy of this consent form to keep. 
If you are willing to volunteer for this research, please sign below. 
____________________________________  _________________        
Subject        Date  
_________________________________  _________________         
Student Principal Investigator      Date 
